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INTRODUCTION 
"what good i s  a  s t i n k i n g ,  muddy swamp anyway? Nothing ou t  t h e r e  
but  wor th less  pa tches  of  pickleweed, a n  occas iona l  sho reb i rd  o r  duck, 
and a t  low t i d e ,  yards  of  oozing, smelly mud." These a r e  a  few of  t h e  
thoughts  one might have a f t e r  d r i v i n g  p a s t  t h e  Kaiser  r e f r a c t o r y  and 
t h e  P. G. & E. power p l a n t  and c r o s s i n g  Highway 1 br idge  over  t h e  mouth 
o f  Elkhorn Slough i n  Monterey County. To most Sunday d r i v e r s  t h e s e  
might be t y p i c a l  thoughts .  But,  t o  a n  av id  birdwatcher o r  waterfowl 
hunter ,  t he se  thoughts  would be a  hor ror ;  t o  a  marine l a b o r a t o r y  
d i r e c t o r ,  an  urgent  concern; t o  a  county p lanner  o r  a d m i n i s t r a t o r ,  a  
perp lex ing  problem; o r  t o  a  b i o l o g i s t ,  a ca t a s t rophe .  For it i s  a  f a c t  
t h a t  Elkhorn Slough and i t s  surrounding h a b i t a t  r ep re sen t  on ly  a  remnsnt 
of t h e  d isappear ing  c o a s t a l  wetlands of C a l i f o r n i a .  
Despi te  t h e  encroachment of  i n d u s t r y  and p o l l u t i o n  of i t s  wa te r s ,  
Elkhorn Slough remains one of t h e  most e c o l o g i c a l l y  important  e s t u a r i n e  
systems on t h e  c o a s t ,  encompassing t h e  second l a r g e s t  s a l t  marsh i n  
C a l i f o r n i a .  I t s  importance t akes  on a  g r e a t e r  s i g n i f i c a n c e  because more 
than  two- th i rds  of C a l i f o r n i a ' s  o r i g i n a l  c o a s t a l  wetlands a l r e a d y  have 
been f i l l e d  i n ,  reclaimed o r  otherwise destroyed.  Thus, it beconies 
c r i t i c a l  t h a t  t h e  people of  C a l i f o r n i a  (and e s p e c i a l l y  t h e  r e s i d e n t s  and 
a d m i n i s t r a t o r s  of Monterey County, who u l t i m a t e l y  w i l l  dec ide  whether 
t h e r e  w i l l  be a n  Elkhorn Slough) be informed of t h e  va lue  of  t h e  natu-  
r a l  resources  of t h e  a rea .  It i s  they  who must demonstrate t h e i r  con- 
c e r n  f o r  t h e s e  dwindling resources  and e x e r c i s e  t h e  w i s e s t  p o s s i b l e  use 
o f  such prime n a t u r a l  h a b i t a t .  
Elkhorn Slough has a  g r e a t  p o t e n t i a l  a s  a  deep-water harbor and 
s i t e  f o r  s c i e n t i f i c  study, na tu ra l  s h e l l f i s h  production, mar icul ture ,  
r ec rea t ion  and i n d u s t r i a l  developments. Because of t h i s ,  t h e  s lough 
and Moss Landing Harbor a t  i t s  nouth probably has been the  subjec t  of . 
more b io log ica l  and physica l  inves t iga t ions  than any comparable e s tua r ine  
a rea  i n  Cal i fornia ,  
This r epor t  summarizes t h e  h i s t o r y  of the  slough, ecologica l  a t t r a c -  
t i o n s ,  educational  va lue ,  and problems fac ing i t s  continued existence.  
Appended references provide t h e  i n t e r e s t e d  and concerned c i t i z e n  with 
sources of more s p e c i f i c  information. 
As a  r e s u l t  of t h e  i n i t i a l  survey of e s tua r ine  a reas  of Ca l i fo rn ia  
( ~ a l i f o r n i a  Department of Fish and Game, 1969), t h e  c r i t i c a l  s t a t u s  of  
t h e  c o a s t a l  marshes became obvious. This r epor t  on Elkhorn Slough i s  
p a r t  of the  high p r i o r i t y  inventory and assessment of c o a s t a l  wetlands 
by t h e  Department of F i sh  and Game, and it i s  intended a s  a guide f o r  
c i t i z e n s ,  planners,  adminis t ra tors ,  and a l l  o t h e r s  i n t e r e s t e d  i n  t h e  
use and development of c o a s t a l  lands and waters.  As such, t h i s  r epor t  
t ranscends l o c a l  i s sues  on p o l l u t i o n  and development and, i n  f a c t ,  
documents t h e  s t a t u s  and f u t u r e  of na tu ra l  resources t h a t  should be 
a  p a r t  of the  inher i tance  of following generat ions.  
This publ ica t ion  i s  one of a  scheduled s e r i e s .  It follows s i m i l a r  
documents on Upper Newport Bay (orange county) ,  Goleta Slough ( ~ a n t a  
Barbara County) and t h e  Bolinas Lagoon ( ~ a r i n  county). 
Elkhorn Slough i s  a l a r g e ,  r e l a t i v e l y  undisturbed e s t u a r i n e  a r e a  
between San Franc isco  and Morro Bay. It c o n s i s t s  of  about  2,5Q0 a c r e s  
of submerged marine a r e a s ,  t i d a l  f l a t s  and s a l t  marsh. H i s t o r i c a l l y  t h e  
s lough was a f reshwater  lagoon before  t h e  S a l i n a s  River  changed course 
i n  1938. T h e r e a f t e r ,  inf luenced by t i d a l  waters  it becane a n  e s tua ry .  
The cons t ruc t ion  o f  t h e  p re sen t  en t rance  channel i n  1946 c rea t ed  Moss 
Landing Harbor. 
The va lues  o f  t h e  n a t u r a l  resources  of  Elkhorn Slough and environs 
a r e  many. The wa te r s ,  mudflats  and s a l t  marshes of  t h e  e s t u a r y  a r e  
important  sources of  food and s h e l t e r  f o r  w i l d l i f e .  P r imar i ly  t h e  slough 
serves  a s  a n  important  l i n k  i n  t h e  c o a s t a l  flyway f o r  migra tory  shore-  
b i r d s ,  waterfowl and o t h e r  water -assoc ia ted  b i r d s .  Not only  do migra tory  
b i r d s  f eed  and r e s t  he re ,  but many spec i e s  a r e  permanent r e s i d e n t s ,  
i nc lud ing  t h e  endangered C a l i f o r n i a  c lapper  r a i l .  
The t i d a l  f l a t s  and waters  i n  Eikhorn Slough a r e  i n  pub l i c  ownership 
under j u r i s d i c t i o n  o f  t h e  Moss Landing Harbor D i s t r i c t .  V i r t u a i l y  a l l  o f  
t h e  bordering lands  inc luding  most of  t h e  s a l t  marsh a r e  i n  p r i v a t e  owner- 
sh ip .  Nature Conservancy r e c e n t l y  has acquired 140 a c r e s  of  marsh a t  t h e  
upper end of  t h e  slough t o  r e t a i n  it i n  a n a t u r a l  condi t ion .  The S t a t e  
Department of Parks and Recrea t ion  has a l l o c a t e d  funds t o  buy t h e  n a r t h  
s p i t ,  commonly c a l l e d  J e t t y  Beach, which would c r e a t e  2$ contiguous mi les  
of  p u b l i c  beach when l i nked  t o  Zmudowski S t a t e  Beach. 
Some i n d u s t r i a l  development ( a s  well  a s  the  Moss Landing Marine 
~ a b o r a t o r i e s )  l i e s  on e i t h e r  s ide  of t h e  slough's mouth and few commercial 
operat ions,  genera l ly  marine-oriented, a r e  found on t h e  south s p i t .  The 
harbor provides f a c i l i t i e s  f o r  about 300 commercial f i s h i n g  and p leasure  
c r a f t .  Uplands surrounding t h e  e s t u ~ r y  a r e  used p r i n c i p a l l y  f o r  t ruck  
crops, i r r i g a t e d  pas ture  and d a i r y  operat ions.  
Over 90 species of water-associated b i rds  have been observed and 
i d e n t i f i e d  i n  the  area .  
The slough and harbor waters  a r e  h i p o r t a n t  nursery and feeding a r e a s  
f o r  many spor t  and cormercial f i s h e s .  Elkhorn Slough a l s o  supports  a 
r i c h  fauna of bottom and mud-dwelling organisms, and t h e  es tua ry  has been 
a notable shel lf ish-producing area.  Many clammers s t i l l  work i t s  mudflats 
even though d e t e r i o r a t i n g  water q u a l i t y  has forced a recent  public  hea l th  
closure.  Despite t h e  water q u a l i t y  problem research  f a c i l i t i e s  have 
been es tab l i shed  t o  explore the  mar icul tura l  p o t e n t i a l  of t h e  slough. 
Educational and s c i e n t i f i c  use of the  slough and harbor a r e  of 
primary importance, desp i t e  poor access ,  i n d u s t r i a l  development and 
'Ip 
d e t e r i o r a t i n g  water qua l i ty .  Because of i t s  proximity t o  Monterey Bay, 
t h e  offshore submarine canyon and a v a r i e t y  of oceanic and es tua r ine  environ- g& 
ments t h e  l o c a l e  i s  a b io log ica l  "paradise" f o r  maqy schools. Ten l o c a l  
col leges  and univers i tFes  use t h e  a rea  f o r  genera l  and advanced s tud ies  
in biology, ecology and marine sc iences ,  The Moss Landing Marine 
Laboratories ,  sponsored by f i v e  s t a t e  col leges ,  provide curriculum and 
research programs f o r  a s  many a s  300 indiv iduals  each school year .  High 
school  and elementary teachers  annually lead thousands of s tudents  on 
f i e l d  t r i p s  t o  study t h e  na tu ra l  resources of  t h e  area .  
The Elkhorn Slough-Moss Landing waters support a popular s p o r t  f i s h e r y  
t h a t  accommodates about 26,000 ang le r  days annually. But l a c k  of  publ ic  
access limits opportunity f o r  waterfowl and upland game hunting. Other 
important uses,with perhaps g r e a t e r  r e c r e a t i o n a l  p o t e n t i a l  include nature 
study,  birdwatching o r  simply enjoying t h e  s i g h t s ,  sounds and smells of 
an es tuary .  
A t  t h e  present  t ime,  t h e  most se r ious  t h r e a t s  t o  t h e  n a t u r a l  resources 
of  Elkhorn Slough a r e  t h e  p o s s i b i l i t y  of  f u r t h e r  expansion of Moss Landing 
Harbor, d e t e r i o r a t i n g  water q u a l i t y  and f u r t h e r  reclamation of t h e  marsh- 
lands. P a r t  of  t h e  master plan f o r  Monterey County adopted i n  1956 pro- 
posed i n d u s t r i a l  and harbor development of the  seaward ha l f  of t h e  slough. 
The p lan  i s  considered out of da te  because of water supply and sewage 
problems, and t h e  County Planning Commission and Harbor D i s t r i c t  have 
requested new f e a s i b i l i t y  s tud ies .  
The spec t re  of "nat ional  need" hangs heavily over Elkhorn Slough. 
Factors  such a s  demands f o r  c o a s t a l  development crea ted  by an expanding 
populat ion,  r e s t r i c t i o n s  on San Francisco Bay development and an t i c ipa ted  
needs f o r  f a c i l i t i e s  t o  receive Alaskan o i l  may u l t ima te ly  r equ i re  t h e  
f u t u r e  expansion of Moss Landing Harbor. However, t h e  Department f e e l s  
t h a t  any dredging, f i l l i n g  o r  s t r u c t u r a l  work associa ted  wi th  f u r t h e r  
development should be undertaken only a f t e r  ca re fu l  cons idera t ion  of  
impact on the  slough's  ecologica l  welfare.  Such work should not be 
undertaken without complete demonstration of urgent na t iona l  need. 
I n t e n s i f i e d  use of t h e  es tuary  and surrounding watershed have led  
t o  a gradual d e t e r i o r a t i o n  of t h e  water  q u a l i t y  i n  Elkhorn Slough. Major 
sources of contamination responsible f o r  the  d e t e r i o r a t i o n  of  Elkhorn 
Slough water q u a l i t y  a r e  l o c a l  d a i r y  opera t ions ,  a g r i c u l t u r a l  run-off ,  
sewage treatment e f f l u e n t s ,  and discharges from commercial e n t e r p r i s e s ,  
boats  and homes. The two major i n d u s t r i e s  o f  t h e  a rea ,  a power p lan t  
and magnesia r e f r a c t o r y ,  a r e  making s u b s t a n t i a l  e f f o r t s  t o  comply w i t h  
acceptable discharge standards. 
Several  s t a t e  and l o c a l  agencies have been c a r e f u l l y  surveying 
water q u a l i t y  of t h e  slough and harbor s ince  1954. I n  1969 t h e  slough 
and harbor were posted with s igns  warning of contaminated s h e l l f i s h .  
Limitat ion and r e s t r i c t i o n  placed on human use of s h e l l f i s h  resources 
due t o  contamination and po l lu t ion  i s  of  d i r e c t  concern t o  t h e  Depart- 
ment of F i s h  and Game.  The Department f e e l s  t h e  proposed water q u a l i t y  
s tandards t o  allow f o r  human use of t h e  s h e l l f i s h  resource should be 
maintained u n t i l  j u s t i f i a b l e  f a c t o r s  o the r  than water q u a l i t y  requi re-  
ments preclude t h e i r  r e t en t ion .  The Department a l s o  maintains t h a t  
s tandards enabling s h e l l f i s h  production and use w i l l  ensure ecologica l  
condit ions required f o r  research  and educational  use. 
WR( 
The Centra l  Coastal  Regional Water Quali ty Control Board and the  
Monterey County Publ ic  Health Department a r e  now implementing the  S t a t e  sP.. 
Water Qua l i ty  Control Board pol icy  t h a t  s t i p u l a t e s  t h a t  no donlestic 
sewage--treated o r  untreated--may be discharged i n t o  publ ic  waters  of 
t h e  area.  Studies by s t a t e  and l o c a l  agencies show t h a t  the  a rea  needs 
llii 
a new sewage treatment p lan t  capable of meeting adopted standards ; but 
taxpayer r eac t ion  t o  t h e  high cos t  of providing the  necessary system PP 
has been t h e  primary obs tac le  t o  correc t ion  of  water q u a l i t y  problems 
of t h e  e s tua ry .  
Residues of DM: and c e r t a i n  o t h e r  organochlorine i n s e c t i c i d e s  have 
' been found i n  o y s t e r s  and mussels examined from Elkhorn Slough. These 
r e s idues  probably a r e  a  r e s u l t  o f  i n s e c t i c i d e  use  i n  a g r i c u l t u r a l  opera- 
t i o n s  i n  t h e  l o c a l  drainage bas in .  The e f f e c t s  of t h e s e  p e s t i c i d e  
r e s idues  on t h e  b i o t a  of  Elkhorn Slough i s  not  w e l l  understood,  bu t  no 
recognizable  d e l e t e r i o u s  e f f e c t s  a r e  apparent .  Levels  of p e s t i c i d e  use 
f o r  l o c a l  mosquito abatement apparent ly  pose no t h r e a t  t o  t h e  water  
q u a l i t y  of  Elkhorn Slough. 
About h a l f  of t h e  marshlands of Elkhorn Slough have been r ec l a ined  
o r  a r e  i n  va r ious  s t ages  of  reclamation.  Since t h e  continued ex i s t ence  
of  t h e s e  marshlands i s  b a s i c  t o  main ta in ing  a v i a b l e  e x t u a r i n e  system, 
a means o f  preserv ing  t h e s e  lands must be sought and implemented. 
The S t a t e  Div is ion  of  Highways i s  planning t h e  cons t ruc t ion  o f  a  
freeway c ros s ing  over t h e  middle of t h e  slough. Pre l iminary  eva lua t ion  
of  des ign  and cons t ruc t ion  p l ans  i n d i c a t e s  t h a t  d i r e c t  e f f e c t s  upon 
t h e  n a t u r a l  r e sou rces  of t h e  slough may be minimal. I n d i r e c t  and long- 
term e f f e c t s  l i k e  pos t - cons t ruc t ion  developments (commercial and res iden-  
t i a l ) ,  t r a f f i c ,  no ise  and human a c t i v i t y  cannot be p red ic t ed .  But t h e s e  
e f f e c t s  could be of major propor t ions ,  i f  t h e i r  impact i s  not  f u l l y  con- 
s ide red  i n  community planning and zoning. 
The s a l t  pond complex near  t h e  mouth of  t h e  slough i s  a  va luab le  
f eed ing  and r e s t i n g  a r e a  f o r  nany sho reb i rds  and o t h e r  water -assoc ia ted  
spec i e s .  Because of t h e  pond's l o c a t i o n  t h e  a r e a  would be a  "first 
choice1' s i t e  f o r  depos i t i on  of  dredging s p o i l s  o r  f i l l i n g  f o r  i n d u s t r i a l  
o r  urban developments. Any a l t e r a t i o n  o r  l o s s  of  t h e  s a l t  pond 
environment would have a se r ious  e f f e c t  on wi ld l i fe- -both  re s iden t  and 
nonresident species  r equ i r ing  t h i s  spec ia l i zed  hab i t a t .  
I n  t h e  f ace  of increas ing demands f o r  development of c o a s t a l  
resources,  current  and an t i c ipa ted  use of t h e  e s tua ry  f o r  s c i e n t i f i c  
and educational  purposes alone j u s t i f y  e f f o r t s  t o  perpetuate i t s  na tu ra l  
a t t r a c t i o n s  and resources.  But t h e  slough's  primary value l i e s  i n  t h e  
important p a r t  it plays i n  maintaining f i s h  and w i l d l i f e  h a b i t a t  f o r  
r e s iden t  and migrant species  dependent upon c o a s t a l  wetlands f o r  t h e i r  
continued existence.  
Because of the  high value of t h e  var ied  f i s h  and w i l d l i f e  resources 
of  Elkhorn Slough, t h e  p o t e n t i a l  opportunity t o  increase  these  r i c h  
resources through water q u a l i t y  improvement, t h e  many advantages of t h e  
slough's  l o c a t i o n  and value t o  educational  i n s t i t u t i o n s  and because of 
t h e  people's growing concern about t h e  f u t u r e  of C a l i f o r n i a ' s  v i t a l ,  but 
dwindling, c o a s t a l  wetlands, t h e  Department of  F i s h  and Game recommends 
t h a t :  
A MASTER PLAN FOR THE DEVELOPMENT AND UTILIZATION OF THE ELKHORN 
SLOUGH MOSS LANDING HARBOR BE DEVELOPED TO PROVIDE FOR THE PW- 
SERVATION AND MAINTENANCE OF THE AREA'S NATURAL RESOURCES DISCUS- 
SED I N  THIS REPORT FOR THEIR INTRINSIC, FXCREATIONAL AND EDUCA- 
TIONAL VALUES, AND THAT THE PLAN RECOGNIZE EDUCATIONAL, SCIENTIFIC 
AND l?EXmATIONAL USE OF THESE NATURAL RESOURCES AS THE HIGHEST AND 
BEST USE OF THE AREA'S TOTAL ASSETS. 
To point  ou t  s p e c i f i c  areas  of  concern f o r  cons idera t ion  i n  plan- 
ning f o r  the  development, u t i l i z a t i o n  and preservat ion  of Elkhorn Slough 
o r  i n  implementing any master o r  in ter im plan,  t h e  Department s p e c i f i c a l l y  
recommends t h a t :  
1. The water q u a l i t y  of Elkhorn Slough and Moss Landing Harbor 
be upgraded t o  s h e l l f i s h  producing standards,  
2 .  I n d i r e c t  and long-range e f f e c t s  o f  t h e  proposed Highway 1, mid- 
slough cross ing be c a r e f u l l y  considered and thoroughly i n v e s t i -  
gated by l o c a l  planning agencies p r i o r  t o  i t s  construct ion.  
Access t o  Elkhorn Slough be improved t o  provide r e c r e a t i o n a l  
opportunity f o r  an an t i c ipa ted  increase  i n  demand f o r  hunting,  
f i sh ing ,  birdwatching, na ture  study and other  forms of recrea t ion .  
The wetlands of t h e  Department of Parks and Recreat ion 's  J e t t y  
Beach p ro jec t  be used i n  a  manner compatible wi th  maintenance 
of t h e i r  na tu ra l  a s s e t s  and t h a t  t i d a l  f lush ing  of t h a t  a rea  
be improved by const ruct ion  of an a d d i t i o n a l  cu lve r t  beneath 
J e t t y  Road. 
The marshlands of the  harbor a rea  south of t h e  County road cros-  
s ing  t o  t h e  Sandholdt S p i t  should be maintained a s  f i s h  and wild- 
l i f e  hab i t a t .  
The use of t h e  p r i v a t e l y  owned s a l t  pond area  be r e s t r i c t e d  t o  
uses compatible wi th  t h e  a r e a ' s  inherent  c a p a b i l i t i e s  t o  support 
f i s h ,  s h e l l f i s h  and w i l d l i f e .  
Any dredging, f i l l i n g  o r  s t r u c t u r a l  work associa ted  w i t h  t h e  
f u r t h e r  development o r  maintenance of t h e  harbor o r  slough be 
ca r r i ed  out  wi th  minimum adverse impacts on the  f i s h  and wild- 
l i f e  resources.  
Fur ther  reclamation of t h e  s a l t  marshes of t h e  middle and upper 
slough f o r  a g r i c u l t u r e  and o the r  purposes be discouraged through 
l o c a l  cont ro ls  and t a x  incent ives  on an in ter im b a s i s  u n t i l  a  
nore permanent s o l u t i o n  t o  t h e  problem i s  agreed upon by a l l  
p a r t i e s  concerned. 
Local gun clubs be encouraged t o  maintain and enhance t h e i r  p r i -  
v a t e l y  owned lands adjacent  t o  t h e  slough f o r  hunting and o t h e r  
recrea t ion .  
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LO. Conservation agencies and educational  i n s t i t u t i o n s  be encouraged 
t o  continue t o  study and monitor a l l  of t h e  na tu ra l  resources 
i n  Elkhorn Slough. 
11. Tide and submerged lands granted t o  t h e  Moss Landing Harbor 
D i s t r i c t  be surveyed and mapped, 
12. The 1947 and 1967 t ide land  g ran t s  conveying t i t l e  t o  t i d e  and 
submerged lands  t o  the  Moss Landing Harbor D i s t r i c t ,  be amended 
t o  p ro tec t  and maintain the  unal tered  por t ions  of Elkhorn Slough 
f o r  f i s h ,  s h e l l f i s h  and w i l d l i f e  purposes. 
13. S t a t e ,  Federal  and l o c a l  goverments cooperat ively seek t o  acquire 
p r i v a t e l y  held marshlands i n  Elkhorn Slough t o  be managed f o r  t h e  
maintenance, enhancement and u t i l i z a t i o n  of t h e  a r e a ' s  f i s h  and 
w i l d l i f e  resources. 
Future uses of Elkhorn Slough and i t s  environs,  not r e l a t e d  t o  t h e  
s p e c i f i c  recommendations above, should be guided by c r i t e r i a  t h a t  r equ i re  
t h e  use t o  be dependent upon, but not an tagon i s t i c  t o ,  the  a r e a ' s  inherent  
resources and environmental a t t r i b u t e s .  Such uses should.be of a nature  
t h a t  they could not occur a t  any l o c a t i o n  o the r  than Elkhorn Slough. 
E L K H O R N  SLOUGH 
VlClN ITY 
ELKHORN SLOUGH AND ENVIRONS 
Descript ion of Area 
Location 
Elkhorn Slough i s  a shallow es tua ry  located  i n  northern Monterey 
County, about 100 miles south of San Francisco ( p l a t e  1). The es tua ry  
jo ins  t h e  ocean a t  Moss Landing Harbor, a man-made small craf't harbor, 
loca ted  on Monterey Bay hal f  way between t h e  communities of  Monterey and 
Santa Cruz. 
The slough and harbor a r e  shaped l i k e  a small "t". The nor th  and 
south arms of t h e  harbor cross  t h e  "t"; t h e  slough extends inland about 
4 miles and then curves i n  a nor ther ly  d i r e c t i o n  f o r  another  3 ( p l a t e  1 ) .  
The slough is  roughly 700 f e e t  wide, gradually narrowing a t  i t s  northern 
end. The harbor arms, about 500 f e e t  wide, l i e  p a r a l l e l  t o  the  ocean 
shore l ine ,  behind sand s p i t s  t h a t  a r e  about 1,000 yards long and 100 t o  
300 yards wide. The harbor entrance i s  a man-made channel about 500 
f e e t  wide. 
His tory  
Elkhorn Slough and Moss Landing a r e  r i c h  i n  h i s t o r i c a l  l o r e .  Tule 
e l k ,  whales, Indians ,  f loods,  earthquakes and World War I1 a l l  have a 
p a r t  i n  t h e  s t o r y  and formation of t h e  slough a s  we know it today. 
The slough probably got i t s  name from t h e  f a c t  t h a t  t h e  na t ive  t u l e  
e l k  once roamed i t s  banks  o or don, 1971) - o r  poss ib ly  from i t s  charac- 
t e r i s t i c  shape. 
The Elkhorn Slough has not always been a n  estuary.  A 1878 Coastal  
and Geodetic Survey map shows the  slough a s  a lagoon opening i n t o  t h e  old 
S a l i n a s  River channel. The mouth of t h e  S a l i n a s  River was loca t ed  a t  
t h a t  t ime about 1-1/2 mi l e s  no r th  of  Moss Landing ( p l a t e  2 ) .  Remnants 
of  Ind ian  s h e l l  mounds c lus t e red  around t h e  v i c i n i t y  of  t h e  o ld  mouth 
o f  t h e  Sa l inas  River  i n d i c a t e  t h a t  t h e  r i v e r  emptied t h e r e  over  long 
per iods  of p r e - h i s t o r i c  time  ordo don, 1971).  
I n  t h e  win te r  of  1308 t h e  S a l i n a s  River  suddenly began t o  empty i n t o  
Monterey Bay about 5- 1/2 mi les  southward ( p l a t e  2 )  . Some claim t h a t  t h e  
s h i f t  was caused by t h e  1906 ear thquake,  s i n c e  t h e  a r ea  l i e s  on t h e  San 
Andreas f a u l t ;  but  a c t u a l l y ,  t h e  change of course occurred 2 yea r s  l a t e r  
an or don, 1971) . 
The S a l i n a s  River  en t rance  t o  t h e  s e a ,  p r i o r  t o  f lood  c o n t r o l  dam 
cons t ruc t ion ,  occas iona l ly  s h i f t e d  dur ing  v i o l e n t  win ter  storms. A f t e r  
t h e  1908 break-through t h e  new r i v e r  o u t l e t  was maintained by l o c a l  
farmers who reclaimed t h e  former r i v e r  channel f o r  a g r i c u l t u r e   o or don, 
1971).  Hence, p r i o r  t o  1908 t h e  Elkhorn Slough was a f reshwater  lagoon 
wi th  l i m i t e d  t i d a l  i n f luence  and t r i b u t a r y  t o  t h e  Sa l inas  3 i v e r .  A f t e r  
1908 t h e  slough was cu t -of f  from t h e  S a l i n a s  River  and became a n  e s tua ry .  
U n t i l  1946 t i d a l  a c t i o n  kept  t h e  old mouth of t h e  S a l i n a s  River  open, 
f l u s h i n g  t h e  e s t u a r y  wi th  seawater.  
Moss Landing was named a f t e r  Charles  Moss who b u i l t  a wharf t h e r e  i n  
1865. For a t ime a l i n e  o f  s a i l i n g  schooners opera ted  from Moss Landing 
( ~ c o f i e l d ,  1954).  Two per iods  of whaling a c t i v i t y  occurred i n  t h o s e  
e a r l y  days. From 1852 u n t i l  1888, Moss Landing was one of t h e  most 
important whaling s t a t i o n s  i n  t h e  country. This  was a per iod  o f  smal l  
boa ts ,  beach f l e n s i n g  and open-air  d ry  v a t s .  From 1918 u n t i l  t h e  e a r l y  
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1930's whaling was accomplished by k i l l e r  tugs t h a t  towed t h e i r  prey t o  
a l a rge  shore s t a t i o n  equipped with steam power, loading ramps and modern 
reduction equipment. Only t h e  p i e r  of t h i s  p lan t  remains. 
World War I1 brought about t h e  next major changes a t  Moss Landing 
which influenced Elkhorn Slough s i g n i f i c a n t l y .  I n  1942 Kaiser Refracto- 
r i e s  constructed a magnesia p lan t  added a r e f r a c t o r y  p lan t  i n  1946, 
and t h e  i n d u s t r i a l i z a t i o n  of  t h e  Elkhorn environs began. 
On October 21, 1943 the  Secre tary  of War recommended t h e  "ear ly  
enactment of  proposed l e g i s l a t i o n  t o  provide f o r  t h e  improvement o f  
Moss Landing Harbor, C a l i f o r n i a a t a n  est imated cos t  of $350,000 i n  the  
i n t e r e s t  of the  wartime need f o r  increase  i n  t h e  production of f i s h e r y  
commodities." ( senate  Doc. No. 50, 1945). I n  1945 Congress passed t h e  
River and Harbor Act which provided f o r  t h e  cons t ruct ion  of Moss Landing 
Harbor'. Dredging opera t ions  began i n  t h e  summer, 1946. By l a t e  October 
1946, t h e  entrance channel through t h e  sandbar and the  lagoon channels 
were complete. By October, 1947 t h e  j e t t i e s  t o  p r o t e c t  the  entrance were 
constructed and the  p ro jec t  was o f f i c i a l l y  completed ( ~ o n g ,  1970). Now 
Elkhorn Slough empties d i r e c t l y  i n t o  t h e  head of  t h e  subxarine Monterey 
Canyon ( p l a t e  2 ) .  The o ld  mouth of the  Sa l inas  River gradually s i l t e d  i n  
and closed. 
I n  t h e  1950's, P a c i f i c  Gas and E l e c t r i c  constructed i t s  s team-elec t r ic  
generat ing p lan t  and s ince  then  t h e r e  have been two major expansions of 
t h a t  f a c i l i t y .  The development of  t h e  Elkhorn Yacht Club and marina i n  
t h e  nor th  wing of  the  harbor a l s o  took place i n  t h e  1950's. 
P r i o r  t o  1935 commercial f i s h i n g  occurred on a small s c a l e  a t  MOSS 
Landing. The indust ry  expanded t h a t  year  and a cannery boom followed. 
The por t  a c t i v i t i e s  peaked i n  1944 and f lour ished a f t e r  t h e  war. By 
1952 t h e r e  were e igh t  canneries and reduction p lan t s  and t h e  harbor 
she l t e red  30 o r  40 f i s h i n g  v e s s e l s ;  purse seinem,an occasional  t r awle r  
and dozens of  small t ro l l ing  boats ( ~ c o f i e l d ,  1954). Due p r i n c i p a l l y  t o  
t h e  f a i l u r e  of  t h e  sardine  supply, the  Moss Landing f i s h e r y  has decl ined 
t h e  l a s t  20 years .  Although t h e  Moss Landing boats s t i l l  land over 15 
m i l l i o n  pounds of  f i s h  a year  (~e imann  and C a r l i s l e ,  1970), most o f  the  
f i s h  i s  trucked out.  A t  p resent  t h e r e  i s  only one opera t ing  cannery and 
it i s  due t o  shut  down soon. 
Despite i n d u s t r i a l  i n t r u s i o n  on the  Elkhorn and i t s  environs,  
urban sprawl has not been a se r ious  problem i n  t h e  Moss Landing area .  
There i s  some r e s i d e n t i a l  development i n  t h e  f o o t h i l l s  l y i n g  e a s t  of  t h e  
slough, but most of t h e  people employed i n  i n d u s t r i a l  a c t i v i t i e s  cormute 
from o the r  communities. The populat ion a t  Moss Landing i n  1940 was 200; 
a t  p resen t ,  about 500. 
Drainage 
The watershed emptying i n t o  t h e  sea a t  Moss Landing Harbor i s  roughly 
rec tangular  wi th  i t s  major a x i s  running from southeast  t o  northwest ( P l a t e  
The basin d ra ins  about 226 square miles and empties i n t o  Elkhorn, Moro 
Cojo and Tembladero Sloughs. The low-lying, f l a t  marshy a reas  of t h e  
sloughs a r e  flanked on the  e a s t  and nor theas t  by r o l l i n g  t o  moderately 
s t e e p  h i l l s ,  s eve ra l  hundred f e e t  i n  e levat ion .  The southeast  s ide  of  t h e  
basin slopes gent ly  upward i n t o  t h e  Sa l inas  Valley. Adjacent drainage 
a reas  a r e  t h e  Pajaro  Valley t o  the  nor th  and the  lower Sa l inas  River Valley 
t o  t h e  south. 
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Tidal  a c t i o n  a l s o  a f f e c t s  t h e  , c i r cu la t ion  and drainage of  Elkhorn 
waters.  S a l i n i t y  of  the  slough v a r i e s  wi th  the  t i d a l  cycle and t h e  amount 
of  f r e s h  water drainage o f f  of t h e  watershed. 
The mean sea l e v e l  i n  the  Monterey Bay a rea  is  2.8 f e e t  above t h e  
lowest low t i d e  l e v e l .  The mean range between t i d e  l e v e l s  i s  3.5 f e e t ,  
but t h e  average range between t h e  h ighes t  and t h e  lowest t i d e  l e v e l s  i s  
5.3 f e e t  ( ~ o n g  , 1970). 
T ida l  a c t i o n  i n  Elkhorn Slough was s t rong enough t o  keep t h e  sandbar 
open a t  t h e  o r i g i n a l  mouth and a t  t h e  present  time i s  vigorous enough t o  
cause "scouring" a t  t h e  lower end of t h e  slough. A t  ebb t i d e  a plume of  
suspended s i l t  commonly spreads over seve ra l  ac res  of the  bay ou t s ide  t h e  
harbor mouth - evidence of a c t u a l  scouring el or don, 1971). 
One r e s u l t  of t h e  scouring i s  a deepening and widening of t h e  
channel i n  t h e  lower p a r t  of  the  slough. I n  some p laces  t h e  banks i n  
t h e  lower p a r t  have been protected by r i p r a p ,  but i n  o the r s  eros ion has 
caused a decrease i n  t h e  pickleweed assoc ia t ion  of p l a n t s ,  t h e  dominant 
vegetat ion.  Undercut and slumping banks can be seen a l l  along the  lower 
slough, a process probably being hastened by small crabs honeycombing 
t h e  banks with burrows pi or don, 1971). The mudflat a r e a  i n  t h e  south 
arm of t h e  harbor i s  being extended s i m i l a r l y ,  causing a decrease i n  
t h e  pickleweed marsh. 
Climate 
The marine c l imate  of  t h e  Monterey Bay a r e a  i s  one of t h e  n o s t  
moderate c l imates  t o  be found i n  C a l i f o r n i a ,  i f  not i n  t h e  e n t i r e  con- 
t i n e n t .  The moderating inf luence  of  t h e  sea l i m i t s  ( a t  ~ a t s o n v i l l e )  
t h e  mean summer maximum temperature t o  71°F and t h e  mean win te r  minimum 
t o  3'7% (smi th ,  1970). The average p r e c i p i t a t i o n  i s  18 t o  2 1  inches per  
year .  November through March i s  t h e  r a iny  season. The summers a r e  v i r t u -  
a l l y  r a i n l e s s ,  a l though a  cool ing ,  onshore flow of marine a i r  and fog i s  
a  summer phenomenon. 
Land Ownership 
The primary owner of  lands  i n  Elkhorn Slough i s  t h e  Moss Landing 
Harbor D i s t r i c t  (M.L.H.D. ) . Under a  C a l i f o r n i a  s t a t e  g r a n t ,  M.L.H.D. 
holds  t i t l e  t o  a l l  t h e  slough waters  and l a n d s ,  e s s e n t i a l l y  t o  t h e  
"ordinaryt1 high water  o r  t i d e - l i n e .  Consequently,  D i s t r i c t  ownership 
of lands  important t o  f i s h  and w i l d l i f e  inc lude  channels and mudflats  
of  t h e  harbor and slough. 
The Harbor D i s t r i c t ' s  t i t l e  t o  t h e  Elkhorn waters  and l ands  came 
through Chapter 1190 of t h e  1947 C a l i f o r n i a  S t a t u t e s .  Grant provis ions  
conveyed t o  t h e  D i s t r i c t  " a l l  t h e  r i g h t ,  t i t l e ,  and i n t e r e s t  now held 
by t h e  S t a t e  of C a l i f o r n i a  by v i r t u e  of  i t s  sovere ignty ,  i n  and t o  a l l  
l ands ,  s a l t  marsh, t i d e l a n d s ,  submerged l ands ,  and overflowed lands."  
The g ran t  inc ludes :  t h e  Old S a l i n a s  River  Channel from i t s  o r i g i n a l  
(pre-1908) mouth t o  t h e  county road br idging  t h e  channel a t  Moss Landing; 
t h e  ocean oppos i te  t h e  s a i d  p o r t i o n  of t h e  Old S a l i n a s  River ;  and Bennet t ,  
Elkhorn, and Moro Cojo sloughs between t h e  Old Sa l inas  River  and t h e  
e a s t e r l y  e x t r e m i t i e s  of t h e  t i d a l  a c t i o n ,  t h e r e i n  ( p l a t e  4 ) .  A 1967 
M O N  T E R E Y  
MOSS LANDING HARBOR DISTRICT 
Boundary Status As Of  August 1969 
m ~ ~ * e ~ ~  Unresolved Boundary 
* 
Qii 
m. 
- 
*wa- 
se- 
w 
w> 
-&. 
m& 
w 
Uin 
UI 
**3 
-3 
% 
=u<. 
lPIB 
w 
amendment t o  t h e  o r i g i n a l  g ran t  c l a r i f i e d  D i s t r i c t  ownership i n  t h e  ocean 
a s  extending 2,000 f e e t  seaward from t h e  high water  mark. 
V i r t u a l l y  a l l  of t h e  lands  border ing  Elkhorn Slough and a b u t t i n g  
t h e  D i s t r i c t  l ands  a r e  p r i v a t e l y  owned; most ly by long-time r e s i d e n t s ,  
farmers  and dairymen. P r i v a t e  ownerships extend i n t o  t h e  slough t o  
inc lude  most o f  t h e  770 a c r e s  of n a t u r a l  s a l t  marsh and about 670 a c r e s  
of  marsh i n  va r ious  s t ages  of  reclamation.  The only p u b l i c  land  ad jacen t  
t o  t h e  s lough i s  county-owned Kirby Park,  a narrow, 1 0  a c r e  s t r i p  between 
t h e  slough and Elkhorn Road, a t  t h e  upper end o f  t h e  s lough,  The Wild- 
l i f e  Conservation Board of  t h e  Department of  F i s h  and Game l e a s e d  a p i ece  
o f  Harbor D i s t r i c t  l and  a b u t t i n g  t h e  county-owned s t r i p .  I n  June,  1961 
t h e  Board, i n  cooperat ion wi th  t h e  County, completed a park ing  and boat  
launching f a c i l i t y  on t h e  leased  land .  Kirby Park i s  t h e  only  p u b l i c  
access  i n t o  Elkhorn slough, o t h e r  t han  by small  boat  o r  v i a  t h e  x u d f l a t s  
( a t  low t i d e )  from Moss Landing Harbor. 
Except f o r  a few p a r c e l s  t h a t  t h e  M.L.H.D. has purchased i n  o r d e r  
t o  improve and expand t h e i r  harbor f a c i l i t i e s ,  a l l  of t h e  lands  surround- 
i n g  t h e  harbor a r e  i n  p r i v a t e  ownership. The no r th  s p i t  c a l l e d  J e t t y  
Beach, some 54 a c r e s  and 4,800 l i n e a l  f e e t  o f  ocean f r o n t a g e ,  i s  p r i v a t e l y  
owned. However, t h e  C a l i f o r n i a  Department of  Parks and Recrea t ion  proposes 
t o  buy t h i s  proper ty  wi th  1964 bond monies a l l o c a t e d  i n  t h e  1971-72 budget.  
Zmudowski S t a t e  Beach l i e s  immediately no r th  of J e t t y  Beach. With t h e  
J e t t y  Beach a c q u i s i t i o n  and by coopera t ive  agreement t o  use o r  l e a s e  
t h e  District-owned beach a t  t h e  mouth o f  t h e  Old S a l i n a s  River  Channel, 
t h e  S t a t e  w i l l  c o n t r o l  2-1/2 mi l e s  of contiguous pub l i c  beach ( p l a t e  5 ) .  
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M O N T E R E Y  B A Y  
The south  s p i t  could be c a l l e d  t h e  "Sandholdt Spi t"  a f t e r  a fami ly  
t h a t  o r i g i n a l l y  developed n o s t  of it. The south s p i t  o r  " i s l and"  a s  it, 
i s  known l o c a l l y ,  con ta ins  commercial p l o t s  owned o r  l ea sed  by boat main- 
tenance ,  f u e l ,  and supply f a c i l i t i e s ,  a r e a l  e s t a t e  brokerage and t h e  one 
remaining f i s h  cannery. The Moss Landing Marine Labora to r i e s ,  sponsored 
by f i v e  s t a t e  co l l eges ,  i s  loca ted  a t  t h e  cen te r  o f  t h e  south s p i t .  
The town of  Moss Landing l i e s  on t h e  e a s t  shore of  t h e  south  arnl of 
t h e  harbor and t h e  Moss Landing Yacht Club and s e v e r a l  c a f e s  on t h e  e a s t  
shore of  t h e  no r th  arm. 
1,and Use 
( p l a t e  6 )  
Much of  t h e  s a l t  marsh bordering t h e  slough channels and mudflats  
provides f i s h  and w i l d l i f e  o r i e n t e d ,  r e c r e a t i o n a l  and educa t iona l  
( s c i e n t i f i c )  use. The s a l t  marsh, w i th  i t s  maze o f  channels and po tho le s ,  
i s  where many of t h e  shorebi rds  and waterfowl a r e  observed. Seve ra l  
p r i v a t e  duck hunt ing c lubs  l i e  ad j acen t  t o  t h e  slough. Rec rea t iona l  and 
educa t iona l  use w i l l  be ou t l i ned  more f u l l y  i n  fo l lowing  s e c t i o n s  of  t h e  
r epo r t .  
Nearly h a l f  o f  t h e  Elkhorn marshlands a r e  i n  v a r i o u s  s t a g e s  o f  
reclamation,  p r i m a r i l y  f o r  l i v e s t o c k  graz ing .  I r r i g a t e d  pas tu re s ,  both 
a l f a l f a  and mixed p a s t u r e ,  l i e  on t h e  broad f l a t s  above t h e  slough. This  
pas turage  i s  owned and used by t h e  p r i n c i p a l  d a i r i e s  i n  t h e  v i c i n i t y .  
Other i r r i g a t e d  pas tu re  i s  found e a s t  of t h e  slough a t  t h e  base of  t h e  
r o l l i n g  f o o t h i l l s ,  which a r e  vege ta ted  w i t h  oak-grassland and chapar ra l .  
Most of  t h e  oak-grassland i s  used f o r  l i v e s t o c k  graz ing  and occas iona l  
c l e a r i n g s  support  s t rawberry crops,  Some r e s i d e n t i a l  use  cf t h e  f o o t h i l l  
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C -COMMERCIAL 
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E -EXTRACTIVE 
m -  Seawater mlnerol recovery 
G-PUBLIC (GOVERNMENT) FACILITIES 
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I -INDUSTRIAL MUNUFACTURING 
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P -PARKS AND RECREATION 
p - Parks (day use: picknicking, d c )  
r - Residential (summer homes) 
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T -TRANSPORTATION 
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s - Rivers and streams 
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LAND USE AND SITE CHACTERISTICS 
a r e a  occurs  a long  Elkhorn Road, a county road t h a t  t r a v e r s e s  t h e  base of 
t h e  f o o t h i l l s  j u s t  e a s t  o f  t h e  slough. Suburban development i s  occu r r ing  
i n  t h e  v i c i n i t y  of Carneros Creek and H a l l  Road a t  t h e  nor thern  end of t h e  
slough . 
I r r i g a t e d  t r u c k  and f i e l d  crops a r e  grown on t h e  r i c h  a l l u v i a l  s o i l s  
found t o  t h e  no r th  and south  of t h e  slough. Ar t ichokes ,  co l e  crops 
( b r u s s e l  sp rou t s ,  cabbage),  beans (green and d r y ) ,  l e t t u c e ,  melons and 
sugar  bee t s  a r e  comnonly produced. 
Moss Landing Harbor i s  t h e  focus  f o r  t h e  major urban r e s i d e n t i a l ,  
commercial, and i n d u s t r i a l  development and use i n  t h e  envi rons  of  Zlkhorn 
Slough. I n  a d d i t i o n  t o  marine-oriented c o m ~ e r c i a l  development, t h e r e  a r e  
t h e  docking f a c i l i t i e s  and o f f i c e  o f  t h e  Harbor D i s t r i c t ,  t h e  yacht  c lub ,  
t h e  power and r e f r a c t o r y  p l a n t s ,  t h e  Moss Landing Marine Labora to r i e s ,  
t h e  Monterey S a l t  Works Company sa l t -producing  ope ra t ion ,  a s  w e l l  a s  t h e  
community of Moss Landing. 
The ocean s i d e  of  t h e  harbor  i s  most ly beach and s p a r s e l y  vegeta ted  
sand dunes. The beach a r e a s ,  o f  course ,  o f f e r  a g r e a t  p o t e n t i a l  f o r  
r e c r e a t i o n a l  u se ,  such a s  f i s h i n g ,  camping, p icn ick ing ,  s igh t - see ing ,  
clamming, swimming, na ture  s tudy  and photography. The proposed 
development of t h e  J e t t y  Beach p rope r ty  by t h e  Department of  Parks and 
Recrea t ion  w i l l  g r e a t l y  enhance t h e  oppor tuni ty  Tor r e c r e a t i o n a l  use.  
* 
us- 
RESOURCES 
Habi ta t  and Ecology 
P r i t c h a r d  (1967) has def ined  a n  e s t u a r y  as "a semi-enclosed body of 
water  which has a f r e e  connection wi th  t h e  open sea and w i t h i n  which sea 
water  i s  measurably d i l u t e d  wi th  f r e s h  water  der ived  from land drainage."  
A t  l e a s t  p a r t  o f  t h e  y e a r ,  i n  response t o  run-off from f a l l  and w i n t e r  r a i n s ,  
Elkhorn Slough f i t s  t h e  d e s c r i p t i o n  of a t r u e  e s tua ry .  During t h e  summer 
months, however, t h e  c reeks  d ry  up, l o c a l  drainage becomes minimal and 
s a l i n i t i e s  r i s e  a s  high a s  33 t o  37 p a r t s  s a l t  per  thousand o f  w a t e r ,  
s l i g h t l y  above t h a t  of  sea water  ( smi th ,  1970). The upper end of  t h e  
s lough v i r t u a l l y  s t agna te s  during t h e  summer period. The s lough then  
e x h i b i t s  most of  t h e  c h a r a c t e r i s t i c s  of a lagoon. 
Whether a t r u e  e s t u a r y  o r  a pa r t - t ime  lagoon,  Elkhorn Slough sha re s  
t h e  f a t e  of a l l  c o a s t a l  e s t u a r i e s  and lagoons- - tha t  of  a slow evo lu t iona ry  
dea th  from gradual  conversion of water  and mudflats  t o  marshlands and ,  
f i n a l l y ,  t o  upland h a b i t a t .  Signs of t h i s  normal evo lu t iona ry  p roces s ,  
caused by depos i t i on  of  s i l t  and d e b r i s  by runoff  from t h e  surrounding 
watershed,  a r e  observable i n  t h e  upper end of  t h e  slough i n  t h e  v i c i n i t y  
of t h e  Elkhorn Road cross ing .  The surrounding watershed, however, has 
g e n t l e  s lopes  and i s  r e l a t i v e l y  f r e e  o f  man's u sua l  misuse. Hence, 
e ros ion  i s  slow; t h e  l i f e  expectancy of Elkhorn Slough should be consider-  
a b l y  g r e a t e r  t han ,  f o r  i n s t ance ,  t h a t  p red ic ted  f o r  Bol inas  Lagoon i n  Marin 
County ( ~ i g u e r e ,  1970) and Goleta  Slough i n  Santa Barbara County ( ~ p e t h ,  
1970). Man's a c t i v i t i e s  have a c c e l e r a t e d  t h e  d e c l i n e  of  t hose  two c o a s t a l  
wetlands. 
Es tua r ine  c i r c u l a t i o n  and t i d a l  movement of  water  produces a 
gradient of submersiorl  and exposure. Exanlination of t h e  shores  of t h e  
slough reveals  a zonation, o r  s t r a t i f i c a t i o n ,  o f  h a b i t a t  and vegetat ion.  
Ecologis ts  recognize t h r e e  e s tua r ine  zones: t h e  marine zone, t h a t  a rea  
con t inua l ly  under water; t h e  l i t t o r a l  zone, t h a t  a rea  subjec t  t o  t i d a l  
submergence; and t h e  maritime zone, t h a t  a rea  between t h e  upper edge of 
t h e  l i t t o r a l  zone and t h e  surrounding upland vegetat ion.  
The estimated acreages of h a b i t a t s  wi th in  each zone a r e  shown below. 
Habitat  d i s t r i b u t i o n  i s  depicted i n  P l a t e  7. 
Marine 
Harbor and na tu ra l  channels . . . . . . . . . .  350 ac res  
Saltponds . . . . . . . . . . . . . . . . . . .  190 ac res  
L i t t o r a l  
Mudflats . . . . . . . . . . . . . . . . . . . .  420 ac res  
S a l t  marsh . . . . . . . . . . . . . . . . . .  1,440 acres* 
Maritime 
Dunes and beach . . . . . . . . . . . . . . . .  100 a c r e s  
To ta l  Elkhorn and Moss Landing Habi ta ts  . . 2,500 ac res  
*Includes 670 ac res  of s a l t  marsh i n  var ious  s tages  of 
reclamation p a r t i a l l y  o r  t o t a l l y  i s o l a t e d  from t i d a l  
influence by t i d e  g a t e s ,  dams and levees.  
I n  t h e  marine zone, most of  the  vegeta t ion  i s  algae.  Blue and 
green a lgaes  a r e  w e l l  d i s t r i b u t e d  throughout t h e  slough. Enteromorpha, 
a green a lgae ,  i s  the  most common and abundant. I n  add i t ion  t o  being a 
food source, t h i s  a lgae  serves  a s  a place of attachment f o r  t h e  eggs o f  
many es tua r ine  animals. A v a r i e t y  of  s ing le -ce l l ed  p l a n t s  (diatoms) a r e  
ELKHORN SLOUGH 
Wetland Habitats 
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found anchored t o  t h e  a l g a l  forms. Diatoms a r e  a  source of food f o r  some 
of t h e  lower forms of l i v i n g  organisms. 
Before t h e  dredging of  t h e  en t rance  and development of t h e  harbor ,  
ex tens ive  beds of e e l g r a s s ,  a  narrow-leaved, g r a s s - l i k e ,  submerged 
a q u a t i c  p l a n t  e x i s t e d  i n  t h e  lower reaches of  t h e  slough. This  p l a n t ,  
which i s  t h e  c o a s t a l  migra tory  black b r a n t ' s  main food,  now i s  found only  
i n  a  few patches i n  t h e  o ld  S a l i n a s  River  channel ,  t h e  south arm o f  t h e  
harbor and about t h e  mouth of t h e  slough. The exac t  cause of  t h e  d i s -  
appearance of t h i s  important marine p l a n t  i s  unknown; however, it proba- 
b l y  i s  due t o  man's i n f luence  on t h e  f r a g i l e  e s t u a r i n e  ecoystem through 
some form of p o l l u t i o n .  
Bare mudflats occur i n  t h e  lower p a r t  o f  t h e  l i t t o r a l  zone. About 
one-fourth of t h e  l i t t o r a l  zone i s  devoid of  vege ta t ion .  These ~ u d -  
f l a t s ,  which range from t r u e  mud and c l a y  t o  nedium o r  f i n e  sands,  a r e  
r i c h  i n  organic  niat ter  and hos t  l a r g e  q u a n t i t i e s  and v a r i e t i e s  of i n v e r t e -  
b r a t e  organisms such a s  c r abs ,  clams, s n a i l s  and worms. It i s  t h e  nud- 
f l a t s  t h a t  a r e  so a t t r a c t i v e  t o  t h e  sho reb i rds  and f u r n i s h  much of  t h e i r  
food. 
Mudflat h a b i t a t  a t  low t i d e  may be found t h e  l eng th  of  t h e  slough 
( p l a t e  7 ) .  Key mudflat a r e a s  e s p e c i a l l y  a t t r a c t i v e  t o  sho reb i rds ,  s h e l l -  
f i s h e m e n  and b i rdwatchers  a l i k e  a r e  found i n  t h e  south harbor arm (a long  
t h e  o ld  S a l i n a s  River  channel ) ,  a t  t h e  mouth of  t h e  slough (good clamming 
beds i n  t h e  v i c i n i t y  of  t h e  b r i d g e ) ,  and i n  t h e  ex tens ion  of t h e  nor th  
harbor arm j u s t  above t h e  J e t t y  Beach Road ( p a r t  o f  which w i l l  be incorpo- 
r a t e d  a s  a  na ture  s tudy a rea  i n  t h e  proposed Parks and Recrea t ion  J e t t y  
Reach development). 
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Shorebirds  can be found d i s t r i b u t e d  about t i d a l  f l a t  h a b i t a t  accord- 
. i n g  t o  t h e i r  feeding  h a b i t s  a s  d e t e m i n e d  by t h e i r  body c h a r a c t e r i s t i c s  
( l e n g t h  o f  l e g s ,  type of beak, e t c . )  and t h e  s t a g e  of t h e  t i d e .  They 
may be found wading i n  t h e  shallow water  o r  s cu r ry ing  about t h e  su r f ace  
of t h e  mudflats  o r  r e s t i n g  and awa i t ing  t h e  con t r ibu t ions  of t h e  next  
t u r n  o f  t h e  t i d e .  
The p r i n c i p a l ' v e g e t a t i o n  of  t h e  s lough,  found i n  t h e  higher  p a r t  
o f  t h e  l i t t o r a l  zone, i s  c l a s s i f i e d  a s  a " typ ica l t '  s a l t  marsh ( ~ r e e n e ,  
1968). The dominant spec i e s  of  t h i s  p l a n t  community i s  pe renn ia l  p i ck l e -  
weed ( ~ a l i c o r n i a ) ,  which comprises over  90 pe rcen t  of  t h e  v e g e t a t i v e  cover 
of  t h e  Elkhorn marsh. F a c t o r s  a f f e c t i n g  d i s t r i b u t i o n  and zonat ion  of 
l i t t o r a l  p l a n t s  a r e  s o i l  moisture and s a l t  conten t ,  o rganic  can ten t  o f  
t h e  s u b s t r a t e ,  percent  g r a d i e n t ,  p a r t i c l e  s i z e  of t h e  s i l t  components 
and t h e  l eng th  o l  t ime o l  t i d a l  exposure. Elkhorn Slough appears  t o  
have a n  optirnum of t h e s e  condi t ions  t o  support  pe renn ia l  pickleweed; 
and, j u s t  a s  t h e  mudf la t s  have t h e i r  spec i a l i zed  i n h a b i t a n t s ,  s o  does 
t h e  s a l t  nlarsh h a b i t a t .  Sone o f  t h e  longer  legged sho reb i rds  can be 
observed searching  f o r  food i n  t h e  pockets and pools  l oca t ed  among t h e  
pickleweed p l an t s .  
The maritime zone i s  loca t ed  a t  t h e  h ighe r  and o u t e r  edge o f  t h e  
marsh. This  a r e a ,  where exposure t o  t i d a l  waters  i s  r a r e  o r  l a c k i n g ,  
i s  vegeta ted  wi th  sa l t - l o - f ing  p l a n t s  such a s  s a l t g r a s s ,  f r anken ia  and 
t h e  advent ive I c e p l a n t .  The maritinie v e g e t a t i o n  f u r n i s h e s  impartant  
escape,  r e s t i n g  and l o a f i n g  cover f o r  many e s t u a r i n e  b i rds .  E lkhorn ' s  
maritime zone inc ludes  sand dunes and beach between t h e  harbor and ocean. 
Perennial pickleweed comprises over 90 percent of the marsh vegetation 
Department of Fish and Game photo by John Speth 
July 1970 
The s a l t  ponds on t h e  no r th  s i d e  of t h e  harbor end of t h e  slough 
a r e  ano the r ,  a l though s p e c i a l i z e d ,  type  of  Zlkhorn h a b i t a t .  These ponds 
a r e  used a s  l oa f ing  ( r e s t i n g )  and feeding  a r e a s  by s e v e r a l  spec i e s  of  
migra t ing  b i rds .  October censuses i n  1967 recorded over 9,ClOG b i r d s  
inc luding  t h e  ~ o r s t e r ' s  t e r n ,  casp ian  t e r n ,  avoce t ,  black-necked s t i l t ,  
phalaropes and C a l i f o r n i a  brown p e l i c a n  u t i l i z i n g  t h e  ponds. Department 
s t u d i e s  of  s i m i l a r  s a l t  ponds i n  t h e  San Franc isco  Bay a r e a  ( ~ n d e r s o n ,  
1970) document t h e  high va lue  of t h i s  type  of h a b i t a t  t o  w i l d l i f e .  
The e n t r y  of  a  t r i b u t a r y  i n t o  t h e  vege ta t ion  of t h e  niaritime zone 
provides another  spec i a l i zed  h a b i t a t ,  This  h a b i t a t ,  c l a s s i f i e d  a s  f r e s h -  
water  na r sh ,  i s  vegetated wi th  dense s t ands  of c a t t a i l s ,  rushes and bul-  
rushes ,  which make i d e a l  nes t ing  and escape cover.  
So it i s ,  t hen ,  t h a t  each e s t u a r i n e  zone, p l a n t  a s s o c i a t i o n ,  o r  
type  of  marsh h a b i t a t  con t r ibu te s  t o  t he  whole ecosystem t h a t  i s  Elkhorn 
Slough. It i s  t h i s  b i o l o g i c a l  system t h a t  provides t h e  feeding ,  r e s t i n g  
and nursery a r e a s  f o r  t h e  many spec i e s  of f i s h  and w i l d l i f e  t h a t  e i t h e r  
r e s i d e  i n  t h e  a r e a  t h e  year-round o r  migra te  through occas iona l ly  o r  
annual ly.  
Many of t h e  sho reb i rds ,  waterfowl and marsh b i r d s  use t h e  slough 
f o r  per iods  of  6 t o  9  months each yea r ,  a s  t hey  migra te  a long  t h e  coas t  
o r  upon s e l e c t i n g  t h e  a r e a  a s  t h e i r  p a r t i c u l a r  w in te r ing  grounds. O the r s ,  
inc luding  t h e  snowy p love r ,  avoce t ,  mal la rd  duck and t h e  Ca l i fo rn i a  
c lapper  r a i l ,  a r e  considered r e s i d e n t s  and n e s t  and r a i s e  t h e i r  young 
i n  t h e  marshy edges of t h e  slough. Some r e s i d e n t  b i r d s  r e q u i r e  r e l a t i v e l y  
l a r g e  unbroken expanses of t h e  h ighly  spec i a l i zed  h a b i t a t  t h a t  t h e  slough 
provides ,  i n  order  t o  survive.  One such res iden t  i s  t h e  s e c r e t i v e  clapper 
r a i l ,  now on t h e  Department's l i s t  of endangered species  ( ~ e p a r t m e n t  of 
F i sh  and Game, 1971). 
Coastal  b i rds  use t h e  slough and harbor waters  f o r  r e s t i n g  o r  loa f ing  
between migrat ion o r  feeding f l i g h t s .  Large f locks  of  brown pel icans  and 
phalaropes have been observed l o a f i n g  i n ,  o r  on the  banks o f ,  t he  s a l t  
ponds. Other ocean-dwelling o r  inshore species ,  t h e  murres, guil lemots,  
murre le ts ,  grebes, loons,  cormorants and some species  of d iv ing ducks 
use t h e  waters  of t h e  shel tered  harbor f o r  r e s t i n g  and feeding. 
Despite a s c a r c i t y  of good spawning s u b s t r a t e  t h e  slough i s  a 
nursery a rea  f o r  some of t h e  f i s h  t h a t  inhab i t  the  inshore a reas  of 
Monterey Bay. P a c i f i c  herr ing ,  s t a r r y  f lounders ,  staghorn sculpin ,  
sh iner  perch, jacksmelt,  topsmelt ,  p i l e  perch and severa l  species  of  
sharks and rays e i t h e r  spawn o r  give b i r t h  t o  t h e i r  young i n  the  waters 
of  t h e  slough. 
The water ,  nudf la t  and s a l t  marsh l i t e r a l l y  teem with v a s t  q u a n t i t i e s  
and v a r i e t i e s  of food organisms. P lan t s ,  by means of  photosynthet ic  
a c t i v i t y  and s t o r i n g  n u t r i e n t s ,  a r e  the  primary source of  a l l  food. Some 
herbivores,  such a s  t h e  geese, feed d i r e c t l y  on t h e  s a l t  marsh p lan t s .  
However, a considerable proport ion of e s tua r ine  vegeta t ion  i s  converted 
t o  d e t r i t u s  which forms a s u b s t r a t e  f o r  bacter ia .  It i s  both the  b a c t e r i a  
and the  d e t r i t u s  t h a t  begin the  complex food chain,  web, o r  pyramid, t h a t  
holds o r  weaves t h e  cycle of l i f e  together .  
Clams and o t h e r  mollusks f i l t e r  t h e  b a c t e r i a  and d e t r i t u s  d i r e c t l y  
from t h e  water .  Marine worms and o t h e r  mud-dwellers a c t u a l l y  i n g e s t  
t h e  mud t o  e x t r a c t  n u t r i e n t s .  These lower animal forms a r e  e a t e n  i n  t u r n  
by bottom feede r s  and scavengers l i k e  c rabs ,  s t i n g r a y s  and small  f i s h .  
The l a r g e r  f i sh - - an  occas iona l  s t r i p e d  bass  o r  ha l ibu t - - lu red  i n t o  t h e  
slough by t h e  r i c h  source o f  n u t r i e n t s  a t  t h e  s lough ' s  mouth; o r  t h e  sharks  
o r  marine animals ,  such a s  t h e  s e a l s  and sea l i o n s ;  and man h imsel f ,  complete 
t h i s  one example of  t h e  many and complex food cha ins  t h a t  e x i s t  i n  t h e  Olb 
slough. 
Q, 
The r i c h  food sources of  Elkhorn Slough support  many f i s h  which spawn 
elsewhere but  come t o  t h e  slough t o  mature. The continued ex i s t ence  of- many 
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o f  t h e  r e s iden t  and migratory w i l d l i f e  of Elkhorn Slough i s  almost e n t i r e l y  
dependent on t h e  food resources  and h a b i t a t  o f  t h i s  and o t h e r  c o a s t a l  wetlands. a* 
W i l d l i f e  
g 
During t h e  he ight  of t h e  migra t ion  period from e a r l y  f a l l  t o  e a r l y  
sp r ing  t h e  slough and i t s  environs abound wi th  hundreds of  sho reb i rds ,  
wading b i r d s ,  marsh b i r d s ,  waterfowl,  inshore  and p e l a g i c  (ocean-dwelling) 
Ub- 
b i r d s .  Department personnel ,  a b l y  and e n t h u s i a s t i c a l l y  a s s i s t e d  by members 
of l o c a l  b i r d  s o c i e t i e s ,  have observed and i d e n t i f i e d  over  90 spec i e s  o f  
water -assoc ia ted  b i r d s  i n  t h e  Elkhorn and Moss Landing Area ( ~ p p e n d i x  A ) .  
There a r e  more spec i e s  o f  shorebi rds  t han  any o t h e r  t ype  of v i s i t a n t  
o r  r e s i d e n t .  This  group inc ludes  t h e  sandpipers ,  p love r s ,  dowitchers ,  
w i l l e t s ,  curlews,  godwits,  avoce ts  and phalaropes.  Wading b i r d s ,  such a s  
t h e  herons and e g r e t s ,  f requent  t h e  s a l t  marsh h a b i t a t  and s e v e r a l  spec i e s  
of  b i r d s  t h a t  d ive  f o r  t h e i r  food,  such a s  t h e  grebes,  loons and an  
occas iona l  cormorant,can be seen  i n  t h e  open water .  Nine spec i e s  of  g u l l s  
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and seven kinds of t e r n s  r e s t  o r  feed year-round i n  the  slough. Of s p e c i a l  
i n t e r e s t  a r e  r epor t s  t h a t  brown pel icans ,  i n  numbers i n  excess of 2,000 
have been observed loa f ing  i n  t h e  concentrat ion ponds of  the  s a l t  works 
a t  t h e  mouth of t h e  slough and feeding i n  t h e  slough i t s e l f .  
The Ca l i fo rn ia  clapper r a i l ,  an endangered spec ies ,  i s  reported a s  
a res ident .  This b i rd  i s  dependent on pickleweed marsh. Any s i g n i f i c a n t  
l o s s  of t h i s  type of h a b i t a t  along t h e  coast  could add t h e  clapper r a i l  
t o  t h e  l i s t  of e x t i n c t  species.  
Waterfowl, including t h e  mallard,  p i n t a i l ,  green-winged and cinnamon 
t e a l ,  shoveler ,  g r e a t e r  and l e s s e r  scaup, the  white-winged and surf  
s c o t e r s ,  ruddy duck, and American coot use t h e  slough a s  a r e s t i n g  and 
feeding area  during t h e i r  annual migrat ions.  A few mal lards ,  cinnamon 
t e a l  and coots nes t  i n  the  marshy edges of t h e  slough. An occasional  
f lock  of  geese (white-fronted,  l e s s e r  Canada, snow, Ross and black b ran t )  
wings i n t o  the  slough on i t s  way up o r  down t h e  c o a s t a l  flyway. A s  many 
a s  19 whis t l ing  swans have been observed during a census. 
Resident b i r d s  ( ~ p p e n d i x  A )  nes t  and r a i s e  t h e i r  young i n  t h e  marsh. 
Most b i r d s  observed a r e  migrants; however, as  one might expect ,  t he  
numbers of migrants vary with t h e  season. 
The Department, which i s  responsible f o r  a l l  of C a l i f o r n i a ' s  non- 
game, a s  we l l  a s  i t s  r a r e  and endangered spec ies ,  censused t h e  area  from 
Ju ly ,  1967 through June, 1968. P resen t ly  another  census, begun i n  August, 
1970, i s  being conducted by William Anderson, a r e t i r e d  Department 
b i o l o g i s t  and Mrs. Viola Anderson of the  Santa Cruz Bird Society. The 
l a t t e r  census i s  p a r t  of an  ongoing study by t h e  Specia l  Wi ld l i f e  
Inves t iga t ions  P ro jec t  of t h e  Department. 
These censuses ( ~ p p e n d i x  B )  show t h a t  popula t ion  numbers tend t o  
peak twice ,  once i n  l a t e  summer o r  f a l l  ( a s  l a t e  a s  t h e  f i r s t  week i n  
December) and aga in  i n  t h e  s p r i n g  ( r e t u r n  f l i g h t s  towards a n c e s t r a l  
breeding grounds) ,  Nmbers of water -assoc ia ted  b i r d s  ranged over  20,990 
i n  October ,  1967, f o r  ins tance .  Duck counts  were a s  high a s  2,430 i n  
1968. These census f i g u r e s  a r e  impressive and rank t h e  Elkhorn Slough 
among t h e  most important of t h e  c o a s t a l  marshes. There i s  no doubt about  
t h e  e c o l o g i c a l  importance o f  t h e s e  c o a s t a l  wetlands t o  n i g r a t o r y  water-  
a s soc i a t ed  b i r d s  l i k e  shorebi rds  and waterfowl. 
Seve ra l  r a p t o r s ,  inc luding  t h e  wh i t e - t a i l ed  k i t e ,  marsh hawk, red-  
t a i l e d  hawk, sparrow hawk and a n  occas iona l  golden eag le  may be seen  
perched a t  t h e i r  observa t ion  pos t s  about t h e  slough o r  wlieeling overhead. 
The C a l i f o r n i a  q u a i l  and t h e  mourning dove a r e  found i n  t h e  ad j acen t  
uplands and a n  occas iona l  band- ta i led  pigeon and ring-necked pheasant 
have been observed. 
Moderate popula t ions  of b l ack - t a i l ed  deer  i n h a b i t  t h e  chapa r ra l  and 
oak-grasslands of t h e  surrounding watershed. This  h a b i t a t  a l s o  suppor ts  
j ack rabb i t s ,  brush r a b b i t s ,  bobcats ,  coyotes ,  gray fox  and raccoons. 
Jackrabbi t s  and brush r a b b i t s  a r e  found i n  t h e  upper edges of  t h e  s a r s h  
h a b i t a t  and raccoons and muskrats sometimes a r e  seen searching  t h e  
l i t t o r a l  a r ea  f o r  food. 
F i s h  
F i s h  a r e  a n  important resource  i n  Elkhorn Slough and Moss Landing 
Harbor. A conpos i te  l i s t  ( ~ p p e n d i x  c ) ,  compiled from s e v e r a l  Departnent 
and Moss Landing Marine Labora tor ies  sources ( ~ a r p ,  1952; Herald,  e t  a l . ,  
1960; Kukowski, 1966; Forsy th ,  1968; Ackeman, 1969), i d e n t i f i e s  over  
70 spec i e s  of f i s h ;  48 c o l l e c t e d  from t h e  slough proper ,  56 from t h e  harbor  
and 23 from t h e  j e t t i e s  and Sandholdt p i e r  on t h e  ocean s i d e  of  t h e  harbor .  
The slough serves  a s  a nursery a r e a  f o r  many of t h e  f i s h e s  l i s t e d .  
Bat  rays  give b i r t h  t o  t h e i r  young i n  t h e  slough and t h e r e  i s  an  ind ica -  
t i o n  t h a t  t h e  shovelnose g u i t a r f i s h ,  leopard shark ,  round s t i n g r a y ,  gray 
and brown smoothhounds and thornback, a l l  c l o s e l y  r e l a t e d  s p e c i e s ,  come 
i n t o  t h e  slough i n  t h e  l a t e  s p r i n g  o r  e a r l y  summer t o  have t h e i r  young 
( ~ e r a l d ,  e t  a l . ,  1960).  
The s t a r r y  founder seeks ou t  shallow waters  near  rivermouths and 
s loughs and i s  a probable spawner i n  t h e  Elkhorn ( 0 r c u t t  , 1950). 
The P a c i f i c  he r r ing ,  a commercially important f i s h ,  spawn sporadi -  
c a l l y  i n  Elkhorn Slough, a l though t h e  a rea  has l imi t ed  amounts of proper  
spawning s u b s t r a t e  and cannot accommodate t h e  l a r g e  numbers of  h e r r i n g  
t h a t  a r e  found i n  t h e  Monterey Bay. ' ' ~eavy"  spawning a c t i v i t y  has been 
recorded i n  p a s t  yea r s  (1952, 1955) ( ~ i l l e r  and Schmidtke, 1956). 
Most of t h e  f i s h  c o l l e c t e d  from t h e  s lough,  inc luding  t h e  s taghorn  
scu lp in ,  s h i n e r  perch,  topsmelt  and jacksmelt ,  spawn o r  g ive  b i r t h  t o  
t h e i r  young i n  t h e  slough. The smelt  a r e  important  forage  f i s h  f o r  
l a r g e r  and commercially s i g n i f i c a n t  f i s h  and a r e  preyed upon by p e l i c a n s  
and cormorants and o t h e r  inshore  and p e l a g i c  b i r d s .  
The slough a l s o  se rves  a s  a feeding  a r e a  f o r  many of  t h e  f i s h  
a t t r a c t e d  t o  o r  i n h a b i t i n g  i t s  waters .  Sharks and r ays  feed on c r a b s ,  
shrimp, clams, worms and smal l  f i s h  such a s  t h e  midshipman and arrow 
goby. Other  bottom f e e d e r s ,  l i k e  t h e  s t a r r y  f lounder ,have s i m i l a r  d i e t s  
and occas iona l ly  forage  a long  t h e  bottom c l i p p i n g  t h e  s iphons o f f  of  clams 
( ~ ~ e r a l d ,  e t  a l . ,  1960).  S t r iped  bass  and o t h e r  l a r g e  predacious f i s h  
o f t e n  'ollow schools  of smelt  o r  he r r ing  i n t o  t h e  harbor  o r  s lough ' s  
mouth. 
S h e l l f i s h  
Elkhorn Slough suppor ts  a r i c h  fauna of  bottom and mud-dwelling 
i n v e r t e b r a t e s .  S h e l l f i s h  a r e  w e l l  represented  i n  t h i s  marine and lit- 
t o r a l  fauna ( ~ p p e n d i x  E ) .  MacGini t ie l s  (1935) c l a s s i c a l  eco log ic  s tudy  
o f  t h e  Elkhorn Slough from 1926 t o  1935 l i s t s  28 spec i e s  o f  clams, 5 
o y s t e r s  (1 n a t i v e ,  4 e x o t i c ) ,  8 k inds  of  shrimp, 12 c rabs  and 11 shore-  
c r abs ,  8 amphipods ( f a i r y  shrimp) and 5 barnac les .  MacGinitie a l s o  
i d e n t i f i e d  two spec i e s  o f  mud shrimp and 1 ech iu r id  worm a s  being t h e  
most abundant animals  i n  t h e  marsh and extremely important  i n  t h e  food 
cha ins  o f  t h e  slough. Smith and Gordon (1948) l i s t  35 spec i e s  of  mollusks 
most o f  them pelecypods (clams).  Addicot t  (1952),  s tudying  t h e  clams 
i n  t h e  a r e a ,  r epo r t ed  t h e  fol lowing s h e l l f i s h  ( i n  decreas ing  o r d e r  of  
abundance): bentnose clam, i r u s  macoma, white  sand clam, gaper  o r  horse-  
neck clam, l i t t l e n e c k ,  basket  cockle ,  Washington clam, 2 spec i e s  o f  s o f t -  
s h e l l  clams, and t h e  baymussel. 
E i s s i n g e r  (1970),  conducting a s tudy  f o r  t h e  Department t o  d e t e r -  
mine t h e  d e n s i t y  and d i s t r i b u t i o n  of  t h e  gaper ,  l i t t l e n e c k  and Washington 
clams, r e p o r t s  a s  many a s  312 gaper s iphons i n  a 100 square f o o t  a r e a  of  
rcudflat .  Based on E i s s i n g e r ' s  (1969) f i n a l  r e p o r t ,  W. A .  Dahlstrom, a 
Department marine b i o l o g i s t ,  e s t ima te s  nea r ly  9O,OOO gaper  clams a lone  
a r e  l oca t ed  i n  t h e  v i c i n i t y  o f  t h e  mouth o f  t h e  slough. 
H i s t o r i c a l l y ,  s h e l l f i s h  were found a t  t h e  mouth o f  t h e  s lough,  a long  
t h e  mudflats  of t h e  o ld  S a l i n a s  River  channel and i t s  o u t l e t  t o  t h e  sea.  
C a l i f o r n i a  Ind ian  kitchenmiddens a t  t h e  pre-1908 mouth of  t h e  S a l i n a s  
River  contained many s h e l l f i s h  remains. P r i o r  t o  t h e  opening of t h e  
harbor  en t rance  i n  1946, only  small  t i d a l  f l a t s  ex i s t ed  e a s t  of t h e  mouth 
of  t h e  slough. These f l a t s  a r e  i nhab i t ed  by t h e  r i c h  d i v e r s i t y  of t ida l .  
f l a t  fauna t h a t  e x i s t  today. 
The na t ive  o y s t e r  was once p l e n t i f u l  i n  t h e  Elkhorn, but  i n  1926 
s e v e r a l  oystermen worked t h e  beds and g r e a t l y  depleted them el or don, 
1971). Since t h a t  t ime t h e r e  has been a long  h i s t o r y  of  experimental  
p l a n t i n g s  of n a t i v e  and nonnative o y s t e r s .  The e a s t e r n ,  Mexican, 
European f l a t ,  Portuguese, and g i a n t  P a c i f i c  o y s t e r s  have been t r i e d .  
Only s c a t t e r e d  remnants of  t h e  g i a n t  P a c i f i c  o y s t e r  beds s t i l l  e x i s t  i n  
t h e  slough, approximately where it t u r n s  north.  Other  mollusks,  such 
as t h e  s o f t - s h e l l e d  clams, t h e  Japanese l i t t l e n e c k  and Japanese mussel 
a r e  found i n  t h e  Elkhorn today,  probably introduced dur ing  t h e  e x o t i c  
o y s t e r  t r a n s p l a n t s   ordo don, 1971). 
MacGinitie (1935) claimed t h a t  p o l l u t i o n  was not a menace a t  the 
t i m e  o f  h i s  s tudy  because " the popula t ion  was sparce  and t h e r e  was l i t t l e  
sewage." I n  r e l a t i v e l y  r e c e n t  t imes ,  however, d e t e r i o r a t i o n  of water  
q u a l i t y  due t o  contamination and p o l l u t i o n  has made s h e l l f i s h  a p o t e n t i a l  
p u b l i c  h e a l t h  hazard a l though good popula t ions  of s h e l l f i s h  s t i l l  exist, 
RESOURCE USES 
Hunting 
Within a 20 mile radius  of Elkhorn Slough t h e r e  a r e  an  est imated 
1,200 waterfowl hunters;  however, only about 960 use t h e  slough. Twelve 
duck clubs a r e  adjacent  and adjoining t h e  Elkhorn, u t i l i z i n g  an estimated 
70 ac res  of marsh hab i t a t .  Limited membership i n  t h e  gun clubs (about 
90 persons) i s  one reason so  few hunt t h e  slough. Approximately another 
70 persons use t h e  publ ic  waters f o r  hunting. I n i t i a l  high cos t s  (boa t ,  
e t c . )  and a low r e t u r n  i n  quant i ty  and q u a l i t y  of  b i rds ,  compared t o  the  
a v a i l a b i l i t y  of l e s s  expensive and b e t t e r  q u a l i t y  hunting on p r i v a t e  
a s  wel l  a s  pub l i c  waterfowl management a reas  i n  t h e  San Joaquin Val ley ,  
probably c u r t a i l s  publ ic  use of t h e  slough. 
Fishing 
Department surveys show over 26,000 angling days annually i n  
Elkhorn Slough, i n  Moss Landing Harbor and o f f  of t h e  p i e r s  and j e t t i e s  
on the  ocean s ide  of t h e  harbor: 
Shore 2,000 man- days 
Sk i f f  2,400 man-days 
P i e r  4,000 man-days 
J e t t i e s  18,000 man-days 
Water courses a r e  deep enough f o r  small outboard boats  even a t  t h e  
lowest t i d e s  and t h e r e  i s  a Wildl i fe  Conservation Board launching ramp 
a t  Kirby Parlc i n  the  upper end of t h e  slough. Launching f a c i l i t i e s  and 
boat r e n t a l s  a r e  ava i l ab le  a t  t h e  harbor. Access i s  good t o  t h e  shore- 
l i n e  around t h e  harbor and mouth of t h e  slough, but t h e r e  i s  p r a c t i c a l l y  
no acces s  t o  t h e  upper slough except  a t  Kirby Park. Eoats  rnay be launched 
t h e r e  but  people commonly f i s h  from t h e  banks. 
F i s h  spec ies  i n  t h e  l o c a l  s p o r t  ca t ch  a re :  rubbe r l ip  sea perch ,  
p i l e  perch,  b lack  perch,  jacksmelt ,  sand s o l e ,  s taghorn  scu lp in ,  s t a r r y  
f lounde r ,  wal leye perch and cabezon. S t r i p e d  bass  and C a l i f o r n i a  
h a l i b u t  a r e  h ighly  p r i zed  l o c a l l y  and much f i s h i n g  e f f o r t  i s  expended 
t o  l u r e  them t o  the  hook; however, t hey  a r e  not  common i n  t h e  catch.  
The annual  shark  d e r b i e s ,  sponsored by l o c a l  rod and gun c lubs  a r e  
of  s p e c i a l  i n t e r e s t .  These de rb i e s  u s u a l l y  a r e  held i n  June, and occas- 
i o n a l l y  i n  May o r  J u l y .  E n t r a n t s  a r e  charged a nominal f e e  and p r i z e s  
a r e  based on t h e i r  ca t ch  between 7 a.m. and 1 p.m. on derby day. P r i z e s  
of  f i s h i n g  and hunt ing  equipment a r e  given and t h e  proceeds have been 
used t o  support  youth programs run  by t h e  sponsoring c lubs .  
Derby records  kept  i n  t h e  1950's show t h a t  t h e  f i s h  commonly caught 
a r e  ba t  r ays ,  shovelnose g u i t a r f i s h ,  leopard sharks ,  round s t i n g r a y s ,  
g ray  and brown smoothbunds and thornbacks ( ~ e r a l d ,  e t  a l . ,  1960). The 
few bony f i s h e s  caught a t  t h e  same t ime were t h e  common jacksmelt ,  t h e  
omnipresent s taghorn  s c u l p i n  and an  occas iona l  s t r i p e d  bass.  Rarely 
taken  spec i e s  inc lude  t h e  C a l i f o r n i a  h a l i b u t ,  s t a r r y  f lounder ,  s a r c a s t i c  
f r ingehead and spo t t ed  snake e e l  ( ~ e r a l d ,  e t  a l . ,  1960). 
From t h e  o l d  whaling days,  through t h e  s a r d i n e  hey-day, t o  t h e  
p re sen t  l i m i t e d  ope ra t ions ,  t h e  o f f sho re  commercial f i s h e r i e s  of  Moss 
Landing Harbor a r e  w e l l  documented. The l a s t  cannery i s  now f o r  s a l e .  
Except f o r  a l i t t l e  squid and anchovy n o s t  o f  t h e  f i s h  brought i n  by 
t h e  more than  200 commercial f i s h i n g  boa t s  s a i l i n g  from t h e  harbor  a r e  

trucked t o  processing p l a n t s  out  of t h e  area .  However, annual commercial 
landings a t  Moss Landing a r e  impressive. I n  1968, f o r  ins tance ,  s l i g h t l y  
over 15 mi l l ion  pounds of f i s h  and squid, valued a t  $750,000, were landed. 
Salmon, albacore,  anchovys, rockf ish ,  jack mackerel, P a c i f i c  herr ing,  
Pe t ra le  so le ,  English so le ,  sanddabs, s a b l e f i s h ,  rex so le  and squid a r e  
t h e  p r inc ipa l  . . species comprising t h e  l o c a l  commercial catch ( ~ e i m a n n  and 
C a r l i s l e ,  1970)  a able 1). 
About 150 noncommercial boats a l s o  use t h e  harbor. Half of t h e  
boats a r e  moored a t  t h e  Harbor D i s t r i c t ' s  f a c i l i t i e s  i n  t h e  south harbor. 
The r e s t  a r e  moored i n  t h e  north end of the  harbor a t  t h e  yacht club 
f a c i l i t i e s .  A c t i v i t i e s  of these  pleasure c r a f t  a r e  divided between f i s h -  
ing  and running-about, and some of t h e  boats ,  according t o  t h e  harbor 
master,  Elmer L. Horton, " j u s t  p l a i n  s i t  there ."  
She l l f i sh ing  
H i s t o r i c a l l y ,  s h e l l f i s h  have been one of t h e  r i c h e s t  resources of 
t h e  slough. S h e l l f i s h  a r e  taken both commercially and i n  pursu i t  of 
recreat ion.  
A t  v i r t u a l l y  every clam t i d e ,  numerous diggers can be seen working 
t h e  exposed mudflats around t h e  mouth of t h e  slough and harbor, desp i t e  
t h e  f a c t  t h a t  t h e  Elkhorn has been posted s ince  1969 with s igns  warning 
o f  contaminated s h e l l f i s h .  
The most abundant and highly-prized clams a re  t h e  gapers,  o r  horse- 
neck clams. Others taken a r e  Washington clams, l i t t l e n e c k  and s o f t -  
shel led  clams, nat ive oys te r s  and piddocks. Up t o  40 o r  50 clam diggers 
have been seen during favorable low t i d e s .  Pismo clams a r e  obtained on 
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t h e  ocean s i d e  of t h e  harbor and it i s  not unusual f o r  a dedicated s h e l l -  
fisherman t o  g e t  a l i m i t  of  Pismos from t h e  beach, then c ross  t h e  dunes 
t o  d i g  i n  the  banks of  the  slough f o r  gapers o r  Washingtons. Department 
observers,  during a good low t i d e ,  have counted 500 Fismo clammers between 
t h e  mouth of t h e  Sa l inas  River and Moss Landing. The Department es t imates  
up t o  2,500 man-days annually a r e  expended clamming i n  t h e  v i c i n i t y .  
Elkhorn Slough apparently has tremendous p o t e n t i a l  f o r  s h e l l f i s h  
production. Commercial s h e l l f i s h i n g  d a t e s  back t o  t h e  e a r l y  1920's.  
The two bes t  years  were 1931 and 1932, when 45 percent  and 31 percent ,  
r e spec t ive ly ,  of t h e  s t a t e ' s  t o t a l  s h e l l f i s h  harves t  came from t h e  Elkhorn- 
Moss Landing Area ( ~ u r e a u  of  San i t a ry  Engineering, 1967). An e a r l y  Depart- 
ment survey of  c o a s t a l  waters f o r  s u i t a b l e  oys te r  c u l t u r e  a reas  c l a s s i f i e d  
t h e  Elkhorn a s  one o f  t h r e e  el rakes Es te ro  i n  Marin County and Humboldt 
Bay were t h e  o the r  two) believed t o  have "good" p o t e n t i a l   onno not, 1935). 
Af ter  t h e  e a r l y  demise of  t h e  na t ive  o y s t e r ,  s eve ra l  at tempts were 
made t o  introduce o t h e r  species  o f  o y s t e r s  wi th  commercial po ten t i a l .  
An unsuccessful  venture was made wi th  Mexican oys te r s  i n  1929  onno not, 
1935) and Japanese oys te r s ,  now c a l l e d  g i a n t  P a c i f i c ,  were t r i e d  i n  the  
1930's on t h e  t i d a l  f l a t s  and narrow p a r t s  of  t h e  slough ( ~ a r r e t t ,  1963). 
I n  1931, t h e  Japanese method of hanging c u l t u r e  (imported seed s e t  
on t a r r e d  ropes, hung from f l o a t s  i n  deeper water) was used very success- 
f u l l y .  The oys te r s  reached marketable s i z e  i n  only one year  i n  Elkhorn's 
r e l a t i v e l y  warm waters. Racial  problems hampered marketing and t h e  venture 
f a i l e d  again. Another company took over t h e  opera t ion  i n  1936 and made 
s t i l l  another  seed p l a n t ,  t h e  l a s t  u n t i l  a f t e r  World War I1 ( ~ a r r e t t ,  
1963). 
A few o y s t e r  a l l o tmen t s  were granted by t h e  Department a f t e r  t h e  
war, bu t  each was dec lared  "abondoned" a f t e r  a  few years .  Remnants of 
t h e s e  e x o t i c  p l an t ings  a r e  s t i l l  found i n  t h e  s lough,  but  a r e  not  used 
commercially. Water q u a l i t y  has continued t o  d e t e r i o r a t e  dur ing  t h e  l a s t  
20 years  and i n  1966 pub l i c  h e a l t h  c lo su res  were put  i n  e f f e c t  and t h e  
a r e a  posted. 
Inc reas ing  demands f o r  t h e  use  of  t h i s  h ighly  valued and p o t e n t i a l  
r e sou rce ,  t oge the r  w i t h  a n  accompanying awareness of  t h e  contamination 
problem and t h e  p o s s i b i l i t i e s  f o r  improved water  q u a l i t y ,  have c rea t ed  
a  new i n t e r e s t  i n  l o c a l  s h e l l f i s h  product ion o r  mar icu l ture .  Severa l  
new, experimental  p l a n t i n g s  have been approved by t h e  Department r ecen t ly .  
These experiments a r e  designed t o  t e s t  t h e  f e a s i b i l i t y  of a new s h e l l f i s h  
indus t ry .  Research d i r e c t e d  a t  t h e  nu r tu re  and growth of  j uven i l e  spec i -  
mens of s c a l l o p s ,  abalone and clams, a s  w e l l  a s  s e v e r a l  spec i e s  of 
o y s t e r s ,  have produced dramatic  r e s u l t s ;  spawning experiments a l s o  have 
met w i th  some success .  One newly formed co rpora t ion  i s  n e g o t i a t i n g  t o  
l e a s e  o r  purchase proper ty  a t  t h e  mouth of  t h e  Elkhorn Slough i n  o r d e r  t o  
cons t ruc t  deep ponds needed t o  c r e a t e  a  con t ro l l ed  environment f o r  r a i s i n g  
s e v e r a l  spec ies  of  s h e l l f i s h .  This  research  and land  a c q u i s i t i o n  amounts 
t o  a  cons iderable  investment i n  t h e  f u t u r e .  It appears  t h a t  water  q u a l i t y  
i s  t h e  only  obs t ac l e  t o  r e a l i z i n g  t h e  f u l l  p o t e n t i a l  f o r  product ion and 
use o f  t h e  s h e l l f i s h  resources  of  Elkhorn Slough. 
Nature Study, Birdwatching and Photography 
The genera l  publ ic  i s  becoming aware of  t h e  ecologica l  importance 
of our c o a s t a l  wetlands. A s  t h i s  apprecia t ion  increases ,  more and more 
people a r e  taking advantage of  the  few and r e l a t i v e l y  undisturbed t i d a l  
a r e a s ,  such a s  Elkhorn Slough, t o  watch and study es tua r ine  w i l d l i f e .  
This awareness and apprecia t ion  i s  nowhere more apparent than i n  t h e  
c e n t r a l  Ca l i fo rn ia  coast  regions and espec ia l ly  i n  Monterey County. 
Several  conservation and sportsmen clubs i n  and about t h e  County 
use the  slough f o r  recreatTon. The Monterey, Santa Clara and Golden 
Gate Audubon s o c i e t i e s ,  a s  we l l  a s  Santa Cruz Bird Club,have  a keen 
i n t e r e s t  i n  Elkhorn Slough. Some e n t h u s i a s t i c  birdwatchers come from a s  
f a r  away a s  t h e  San Francisco Bay area .  The Izaak Walton Club, Ventana 
Chapter of t h e  S i e r r a  Club, Monterey County Sportsman Club, Federat ion of  
Western Outdoor Clubs, and t h e  S c i e n t i f i c  I n s t i t u t e  f o r  Public  Informa- 
t i o n ,  a l l  use t h e  slough f o r  outings o r  have an a c t i v e  i n t e r e s t  i n  i t s  
preservat ion  ( ~ l a n  Baldridge, pers .  comm.). 
I n  1967, the  Department estimated t h a t  1,600 man-days were expended 
i n  nonappropriative, o r  nonconsumptive use,  i. e. birdwatching, photogra- 
phy, e t c . ,  about s i x  times t h a t  expended i n  consumptive use ,  i . e .  hunting, 
co l l ec t ing ,  e t c .  But what i s  more s i g n i f i c a n t ,  it i s  estimated t h a t  t h i s  
type of  nonappropriative use could be increased t o  70,000 man-days without 
d i s tu rb ing  t h e  slough's ecology. The Department of Parks and Recrea- 
t i o n  es t imates  a day-use p o t e n t i a l  of over one-quarter of  a mi l l ion  annually 
f o r  the  proposed J e t t y  Beach f a c i l i t y .  These impressive es t imates  br ing  
sharply i n t o  focus t h e  r ec rea t iona l  p o t e n t i a l  of t h e  Elkhorn environs. 
The marsh area north of Jetty Beach Road will make a good nature study area for the proposed Jetty Beach State Park 
Department of Fish and Game photo by John Speth 
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This p o t e n t i a l  a l s o  has economic p o s s i b i l i t i e s ,  s ince  t h e  peak of t h e  
birdwatching season occurs i n  the  winter  months when tourism i s  normally 
a t  i t s  lowest ebb. Local communities may reap the  economic benef i t s  
during t h e  so-ca l led  "off-season." 
Access is the  p r inc ipa l  drawback t o  t h e  development of  t h e  f u l l ,  
nonconsumptive use p o t e n t i a l  of Elkhorn Slough. Access i s  r e s t r i c t e d  
t o  the  harbor, t h e  mouth of t h e  slough, and t o  t h e  Kirby Park boat 
launching a rea ;  and no p icn ic ,  camping, o r  s a n i t a r y  f a c i l i t i e s  a r e  a v a i l -  
a b l e  a t  t h e  l a t t e r  a rea .  Acquisi t ion and development o f  t h e  J e t t y  Beach 
property by t h e  Department of  Parks and Recreation w i l l  provide a d d i t i o n a l  
f a c i l i t i e s  a s  we l l  a s  access t o  t h e  rfiudflats and marshland around t h e  
north arm of t h e  harbor and t o  t h e  beach on t h e  ocean s i d e  ( p l a t e  6) .  
However, o t h e r  access o r  observation po in t s  should be developed t o  ensure 
f u l f i l l m e n t  of  nonconsumptive use po ten t i a l .  
S c i e n t i f i c  and Educational 
The educational  and s c i e n t i f i c  use of  t h e  Elkhorn Slough i s  probably 
t h e  most important use of  i t s  resources. Elkhorn Slough t r u l y  i s  a " l iv ing  
laboratory",  a "b io logica l  t r easure"  uniquely s u i t e d  and s i t u a t e d  f o r  scien- 
t i f i c  research  and study. 
V i r t u a l l y  every remaining c o a s t a l  wetland is unique f o r  some combi- 
nation of  i t s  w i l d l i f e  resources and na tu ra l  a t t r a c t i o n s  and Elkhorn Slough 
i s  no exception. One key t o  i t s  uniqueness i s  the  noted Monterey Canyon 
which heads a t  t h e  slough's  mouth. A submarine canyon, it b i s e c t s  t h e  
bottom of the  Monterey Bay a s  a deep east-west c l e f t  and reaches depths i n  
excess o f  one mile j u s t  offshore. Nutr ients  upwelling from t h e  depths of  
t h e  canyon a r e  i n  a cons tan t  in te rchange  wi th  waters  and organisms of t h e  
s lough,  due t o  drainage and t i d a l  a c t i o n .  Thus t h e  slough and harbor ,  
whi le  c o n s t i t u t i n g  a l imi t ed  ecosystem comprised of c e r t a i n  b i o l o g i c a l  
communities, a r e  p a r t  of a s t i l l  g r e a t e r  ecosystem -- t h a t  of t h e  
Monterey Bay, Monterey Canyon, ad jacent  shore and open sea.  The 
remarkable d ive r se  c h a r a c t e r i s t i c s  of  t h i s  t o t a l  ecosystem make it 
p a r t i c u l a r l y  va luable  f o r  s tudy and research .  
Because of t h e s e  unique and a c c e s s i b l e  n a t u r a l  a s s e t s ,  t h e  s t a f f  
and s tuden t s  of many schools ,  co l l eges ,  and u n i v e r s i t i e s  u t i l i z e  t h e  
slough and t h e  harbor  and t h e i r  surroundings f o r  genera l  and advanced 
s t u d i e s  i n  n a t u r a l  h i s t o r y ,  genera l  biology,  ecology and t h e  marine 
sc iences .  
Seven co l lege  l e v e l  i n s t i t u t i o n s  a r e  l oca t ed  on Monterey Bay ( p l a t e  8), 
a l l  making cons iderable  use of t h e  a r e a .  Doctor John H a r v i l l e ,  pas t  d i r e c t o r  
of t h e  Moss Landing Marine Labora to r i e s ,  i n  a '  prepared s tatement  t o  t h e  
U. S. Am~y Corps of Engineers  i n  r e l a t i o n  t o  Moss Landing Harbor develop- 
ment ( ~ a r v i l l e ,  1968),  s t a t e d  t h a t  f o u r  o f  t h e s e  i n s t i t u t e s  have major 
r e sea rch  committments f o r  t h e  educa t ion  of marine s c i e n t i s t s  and engineers .  
Three jun io r  c o l l e g e s ,  C a b r i l l o  i n  Santa  Cruz County, H a r t n e l l  i n  t h e  
C i t y  of  Sa l inas ,  and Monterey Peninsula  College i n  t h e  C i t y  of Monterey are  
i n  t h e  process  o f  c r e a t i n g  a marine t e c h n i c i a n  t r a i n i n g  program. D r .  Winona 
Trason, d i v i s i o n  chairman of t h e  Monterey Peninsula  College L i f e  Science 
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Divis ion ,  s t a t e s  t h a t  s t u d e n t s  from he r  d i v i s i o n  t a k e  s e v e r a l  f i e l d  t r i p s  
each yea r  t o  s tudy  e s t u a r i n e  l i f e - - b o t h  b i r d s  and inver tebra tes - -and  that, 
a s  a  b i o l o g i c a l  s tudy  a r e a ,  Elkhorn Slough i s  "invaluable"  t o  t h e  co l l ege .  
Four s e n i o r  c o l l e g e s  and u n i v e r s i t i e s ,  r ep re sen t ing  fou r  e n t i r e l y  
d i f f e r e n t  segments o f  t h e  h igher  educa t ion  r e sou rces  of  t h e  s t a t e  and 
na t ion ,  a r e  among those  loca t ed  on t h e  Bay. The United S t a t e s  Navy main- 
t a i n s  t h e  Naval Postgraduate  School a t  Monterey, t h e  on ly  i n s t i t u t i o n  of 
i t s  kind. For  over 25 y e a r s ,  D r .  E. C .  Hade r l i e ,  p ro fe s so r  of oceanography, 
has been t a k i n g  s t u d e n t s  on f i e l d  t r i p s  t o  t h e  Elkhorn a r e a ,  and f o r  5 yea r s  
has d i r e c t e d  t h e  programs of graduate  s t u d e n t s  i n  marine ecology. 
The Univers i ty  of C a l i f o r n i a  has  e s t a b l i s h e d  a  campus a t  Santa  Cruz. 
S t a f f  members and s t u d e n t s  o f  t h i s  r e l a t i v e l y  new i n s t i t u t i o n  use t h e  unique 
resources  of  t h e  Moss Landing-Elkhorn a r e a  f o r  e c o l o g i c a l  s t u d i e s  i n  suppor t  w 
of  Ph. D. programs. 
BB 
The Hopkins Marine S t a t i o n  of  S tanford  Un ive r s i t y  i s  t h e  o l d e s t  bio-  
l o g i c a l  l abo ra to ry  on t h e  P a c i f i c  Coast ,  founded a t  P a c i f l c  Grove in 1891. *BI 
I n  a  r ecen t  s ta tement  on s c i e n t i f i c  s tudy  a s  a  b e n e f i c i a l  use f o r  c o a s t a l  
waters  t o  t h e  Cen t r a l  C a l i f o r n i a  Regional Water Qua l i t y  Control  Board, 
D r .  John P h i l l i p s ,  D i r e c t o r  of t h e  Hopkins S t a t i o n ,  l i s t e d  56 highep degrees ,  
* 
most of them a t  t h e  d o c t o r a l  l e v e l ,  which had been awarded s i n c e  1950 by 
Stanford  Un ive r s i t y  f o r  s t u d i e s  conducted at l e a s t  i n  p a r t  a t  the Hopkins a# 
Marine S t a t i o n .  Many of  t h e s e  s t u d i e s  were done e n t i r e l y  o r  i n  p a r t  in 
t h e  Moss Landing-Elkhorn Slough a r e a  ( H a r v i l l e ,  1968). 
F i n a l l y ,  t h e  Moss Landing Marine Labora to r i e s  (M.L.M.L.), r ep re sen t -  
i n g  t h e  S t a t e  College system o f  C a l i f o r n i a  i n  t h e  a r e a  has a 14,000 square 
f o o t  marine sc i ences  r e sea rch  f a c i l i t y  a t  Moss Landing. The f a c i l i t y  was 
e s t a b l i s h e d  i n  1965 by f i v e  c e n t r a l  Ca l i fo rn i a  S t a t e  Colleges ( a t  Fresno,  
Hayward, Sacramento, San Franc isco ,  and San ~ o s e ) .  These l a b o r a t o r i e s  
ope ra t e  year-round and main ta in  an i n t e r d i s c i p l i n a r y  s t a f f  o f  6 t o  10  
s c i e n t i s t s .  Course work and r e sea rch  programs a r e  provided f o r  about  
60 upper d i v i s i o n  and graduate  s tuden t s  dur ing  t h e  r e g u l a r  school  yea r  
and t h r e e  t imes t h a t  number through t h e  surriier months--a t o t a l  of more 
than  300 ind iv idua l s  from t h e  1967-68 school  y e a r ,  f o r  i n s t ance  ( ~ a r v i l l e ,  
1968). F i e l d  s t u d i e s  by t h e s e  advanced s tuden t s  a r e  made i n  Moss Landing 
Harbor, Elkhorn Slough and ad jacent  waters  of  Monterey Bay. 
Many of t hese  s t u d i e s  a r e  funded i n  p a r t  by l o c a l  government and 
p r i v a t e  i ndus t ry ,  demonstrat ing t h a t  educa t iona l  processes  have s i g n i f i -  
can t  p r a c t i c a l v a l u e s ,  a s  w e l l  a s  b a s i c  e d u c a t i o n a l v a l u e s .  Severa l  
r e c e n t  congress iona l  enactments such a s  t h e  1966 Marine Resources and 
Development Act and t h e  1966 National  Sea Grant College and Program Act 
have given impetus t o  and crea ted  funds f o r  such r e sea rch  being done a t  
t h e  l a b o r a t o r i e s .  Most of  t h e  seven i n s t i t u t i o n s  of higher  educa t ion  i n  
t h e  Monterey Bay a r e a  have ind ica t ed  i n t e n t  t o  p a r t i c i p a t e  i n  t h i s  n a t i o n a l  
e f f o r t  under t h e  p rov i s ions  of t h e  Sea Grant College Act ( H a r v i l l e ,  1968).  
Elkhorn Slough a l s o  a t t r a c t s  o t h e r  school  groups each year .  The 
M.L.M.L. provides l a b o r a t o r y  space f o r  many f i e l d  t r i p  s t u d i e s  conducted 
by p ro fe s so r s  from in land  co l leges .  High school  and elementary school  
s tuden t s  by t h e  hundreds f l o c k  t o  t h e  seashore w i t h  t h e i r  t e a c h e r s  on 
organized f i e l d  t r i p s .  Elkhorn Slough and Moss Landing Harbor a r e  favored 
d e s t i n a t i o n s  f o r  such excursions.  D r .  H a r v i l l e  e s t ima te s  5,000 t o  6,100 
man-days a r e  used i n  educa t iona l  s c i e n t i f i c  p u r s u i t s  i n  t h e  Elkhorn-Moss 
Landing Area involv ing  over  2,700 s tuden t s .  
-63- 
~ a n - d a ~ s / ~ e a r  
Moss Landing Marine Laboratories 2,500 - 3,000 
Other Senior Colleges ( ~ o n t e r e y  ~ a y )  100 
Junior Colleges 
Other col leges  (out  of a rea )  
High schools 
Elementary schools 500 
TOTALS 5,600 - 6,100 
Number of s tudents  
400 
2 0 
300 
5 00 
1,000 
To paraphrase a popular adver t i s ing  c l i c h e ,  "IS t h e r e  any o the r  
reason f o r  preserving t h e  Elkhorn Slough and i t s  environs?" 
PROBLZNS AND USE CONFLICTS 
Harbor Expansion and Development 
Elkhorn Slough has tremendous p o t e n t i a l  a s  a deep water  harbor  and 
f o r  i n d u s t r i a l  development. It i s  l oca t ed  a t  t h e  head of  a deep sub- 
marine canyon, r a i l head  and t r a n s p o r t a t i o n  hook-ups a r e  f e a s i b l e ,  and 
t h e r e  i s  v i r t u a l l y  unl imited l o c a l  power. 
The Moss Landing Harbor D i s t r i c t  i s  r e spons ib l e  f o r  developments 
needed t o  promote commerce and naviga t ion  and f o r  main ta in ing  t h e  harbor  
and docking f a c i l i t i e s .  Having f u l f i l l e d  t h e  condi t ions  o f  t h e  o r i g i n a l  
S t a t e  g ran t  t o  t h e  Elkhorn waters ,  t h e  Harbor D i s t r i c t  became l e g a l  
t r u s t e e  t o  t h e  granted lands .  Consequently, t h e  D i s t r i c t  requested t h e  
Monterey County Planning Commission t o  draw up a p l a n  f o r  t h e  develop- 
ment of t h e  a r e a ,  The Planning Commission s tudied  t h e  p o s s i b i l i t i e s  
and recommended t h e  "MOSS Landing Area Development p lan"  ( p l a t e  9 ) ,  which 
was adopted as p a r t  of t h e  Monterey County Master Plan by t h e  Board of 
Superv isors  i n  September, 1956. A s i m p l i f i e d  ve r s ion  of t h e  Planning 
Commission f ind ings  i s  a s  fol lows:  
1. That t h e  development of  a deep-water harbor  a t  Moss Landing i s  
h ighly  d e s i r a b l e .  
2. That Moss Landing be developed t o  provide t h e  i n d u s t r i a l  hub 
of Monterey County. 
3. That Pa jaro  be developed a s  a n  i n d u s t r i a l  community. 
4. That t h e  s tudy a rea  provides s u f f i c i e n t  land of  a t ype  t o  accom- 
modate i n d u s t r i a l  development. 
5. That t h e  development of t h e  s tudy  a r e a  a s  proposed i n t e g r a t e s  
and harmonizes wi th  t h e  surrounding a rea  and a l l  of Monterey 
County. 
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6. That s u f f i c i e n t  urban and r e s i d e n t i a l  acreage be s e t  a s i d e  t o  
s e rve  t h e  proposed i n d u s t r i a l  development. 
7. That s u f f i c i e n t  harbor f a c i l i t i e s  f o r  commercial f i s h i n g  and 
commercial r e c r e a t i o n a l  f a c i l i t i e s  be provided f o r .  
8. That a s  much of t h e  Pa j a ro  and S a l i n a s  Va l l eys  a s  i s  p r a c t i c a l  
be p ro t ec t ed  and perpetuated a g r i c u l t u r a l l y .  
9. That n a t u r a l  r e c r e a t i o n a l  a r e a s  should be s e t  a s i d e  f o r  f u t u r e  
p u b l i c  use.  
10 ,  That Highways No. 1 and No. 156 be developed a s  freeways. 
11. That Highway No. 1 should be r e l o c a t e d ,  but t o  bes t  se rve  through 
t r a f f i c  needs a s  w e l l  a s  l o c a l  developri~ent, should remain on t h e  
west s i d e  of Elkhorn Slough. 
12. That t h e  e x i s t i n g  Highway No. 1 br idge  ac ros s  t h e  Elkhorn Slough 
be removed immediately upon completion of t h e  high l e v e l  br idge .  
13. That a  network o f  major and secondary county roads should be 
e s t a b l i s h e d .  
14. That app ropr i a t e  s t e p s  should be taken  t o  prevent  a i r  p o l l u t i o n .  
Although t h e  a rea  development p l a n  recor~xnends t h e  development of 
on ly  a  t h i r d  of  t h e  slough i n t o  a  harbor ,  it a l s o  c a l l s  f o r  i n d u s t r i a l -  
i z a t i o n  of  v i r t u a l l y  a l l  lands on e i t h e r  s i d e  of t h e  wes tern  h a l f  of t h e  
slough. The upper ha l f  would be zoned f o r  r e c r e a t i o n ,  but would be sur -  
rounded by a g r i c u l t u r a l  and r u r a l - r e s i d e n t i a l  zones. Development undoubted- 
l y  would s t i m u l a t e  f u r t h e r  encroachment i n t o  t h e  upper s lough,  i f  no t  t h e  
even tua l  d e s t r u c t i o n  of t h e  r e c r e a t i o n a l  va lues  o f  t h e  whole ecosystem. 
Because of  new p r i o r i t i e s ,  water  and sewage problems and l o c a l  p u b l i c  
r e s i s t a n c e  t o  i n d u s t r i a l  development, however, t h e  1956 p l an  i s  now con- 
s ide red  out -of -da te  and sub jec t  t o  r e v i s i o n  and new f e a s i b i l i t y  s t u d i e s  
(~vlonterey County Planning Commission, pe r s .  corn. ) . Fede ra l  funds a r e  
being reques ted  t o  fund new studies.. Housing and Urban Developnent (HUD) 
701 funds were denied r e c e n t l y  and t h e  County and Harbor D i s t r i c t  have 
turned t o  the  Economic Development Agency (EDA) f o r  funding. The County 
Planning Commission, on the  o the r  hand, has s h i f t e d  i t s  p r i o r i t i e s  and 
energies  t o  the  Associat ion of Monterey Bay Area Governments (AMBAG) 
master p lan  f o r  t h e  development and use of t h e  e n t i r e  Bay a r e a ,  but f e e l s ,  
however, t h a t  t h i s  plan w i l l  cover surrounding land and water resources 
including those of t h e  Elkhorn. I n  accordance wi th  1970 l e g i s l a t i o n ,  
Chapters 717 and 1590, Monterey County i s  required t o  prepare an  open 
space-conservation plan f o r  submission t o  t h e  Leg i s l a tu re  by July 1972. 
The U. S. Army Corps of Engineers a l s o  has an i n t e r e s t  i n  p lans  f o r  
t h e  development of the  Elkhorn-Moss Landing a rea .  The r e s p o n s i b i l i t y  of 
t h e  Corps l i e s  with small  c r a f t  harbor development and maintenance. The 
Moss Landing Harbor, a s  it e x i s t s  today ( p l a t e  10)  was created by t h e  
Corps with improvements authorized by t h e  1945 River and Harbor Act ,  a t  
an  i n i t i a l  cos t  of $338,215. Maintenance and a d d i t i o n a l  improvements 
through 1968 have cos t  t h e  Corps an a d d i t i o n a l  $1,344,366 (u.s. Army 
Corps of Engineers, 1969). 
Directed by t h e  House of Representat ives Committee on Publ ic  Works 
t o  review survey repor t s  on Monterey Bay ( inc luding Moss   an ding), t h e  
Corps held a publ ic  hearing i n  June, 1968, a t  Sa l inas  t o  determine i f  
any modificat ion of t h e  p ro jec t  i s  advisable.  A l l  concerned p a r t i e s  
including represen ta t ives  of  f e d e r a l ,  s t a t e ,  county, and municipal 
agencies,  a s  wel l  a s  commercial, i n d u s t r i a l ,  c i v i c ,  highway, r a i l r o a d ,  
o the r  t r anspor ta t ion  i n t e r e s t s  and property owners were afforded f u l l  
opportunity t o  express t h e i r  views of t h e  charac ter  and ex ten t  of improve- 
ments des i red .  A t  t h a t  hearing the  Department urged t h a t  a l l  Corps 
s tud ies  give " f u l l  and equal  cons idera t ion  t o  a l l  values of t h e  a rea  a s  a  
place t o  enjoy and study f i s h  and w i l d l i f e  resources."  
M O N T E R E Y  
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MOSS LANDING HARBOR 
The Corps is  ready t o  o f f e r  a s s i s t a n c e  w i t h  a d d i t i o n a l  harbor  
development should t h e  l o c a l  planning agencies  decide t h e r e  i s  a need. 
I n  t h e  meantime t h e  Corps i s  prepar ing  a f e a s i b i l i t y  r e p o r t  on smali-  
s c a l e  expansion of  sma l l  c r a f t  f a c i l i t i e s  i n  bokh arms of  t h e  harbor .  
Proposed development i n  t h e  south  arm wouid inc lude  t h e  removal of t h e  
e x i s t i n g  county br idge  between Moss Landing and t h e  Sandholdt S p i t  and 
expansion i n t o  t h e  mudflats  t h a t  l i e  south  o f  t h e  br idge  ( ~ o b e r t  Edmisten, 
U. S. Army Corps o f  Engineers ,  pe r s .  corn..). 
Based on cu r ren t  l e v e l s  of commercial and s p o r t s  f i s h  a c t i v i t i e s  and 
l and ings ,  t h e  Department b e l i e v e s  t h a t  t h e r e  i s  no p re sen t  need f o r  expan- 
s i o n  of m a l l  c r a f t  f a c i l i t i e s  a t  Moss Landing. Any extens ion  o f  
t h e  harbor i n t o  t h e  mudflats  of t h e  old S a l i n a s  River  channel  south  of 
t h e  county road c ros s ing  o r  no r th  of t h e  yacht  c lub  marina would adve r se ly  
a f f e c t  t h e  many sho reb i rds ,  p e l a g i c  and inshore  b i r d s  and waterfowl t h a t  
use t h i s  v i t a l l y  important h a b i t a t .  
Harbor Maintenance 
Since t h e  i n i t i a l  dredging i n  1946, shoa l ing  ( f i l l i n g  i n  w i th  sand 
and sediment) has occurred i n  t h e  en t rance  and harbor  channels ,  a s  w e l l  
a s  i n  t h e  nor th  and south  harbors .  Pe r iod ic  cond i t i on  surveys showed t h a t  
t h e  en t rance  channel shoaled t o  a depth of  between 1 0  and 12 f e e t  below 
t h e  low water  t i d e  l e v e l  before  maintenance by t h e  U. S. Corps of  Engineers  
began. The Corps has undertaken s e v e r a l  remedial dredging ope ra t ions ;  
124 ,381 cubic yards  i n  1947; 170,802 i n  1948; 146,064 i n  1953; 113,008 
i n  1957; 155,156 i n  1961; 85,160 i n  1964; and 48,469 i n  1968 (wong, 1970) . 

Disposing of t h e  dredging s p o i l s  from t h e  maintenance opera t ions  has 
been a problem. Where does one g e t  r i d  o f  the  spo i l s?  Because of t h e  
complex and interdependent na ture  of t h e  slough and harbor ecosystem, in-  
d iscr iminate  dumping i s  out  of the  quest ion.  The 1958 F i s h  and Wi ld l i f e  ad%. 
Coordination Act (PL 85-624, Sect ion 2)  and t h e  1969 National Environmental 
- Policy Act (PL 91-190), e s s e n t i a l l y  r equ i re  t h a t  every p ro jec t  having an 
impact on t h e  environment must be reviewed by t h e  s t a t e  and f e d e r a l  
agencies responsible f o r  t h e  na tu ra l  resources.  Under t h e  impetus of 
t h e  1958 Act, t h e  Corps, i n  recent  yea r s ,  has se lec ted  and used s p o i l  iiUI 
s i t e s  having minimal e f f e c t s  on t h e  resources.  The growth of cooperat ion 
and agreement between t h e  agencies involved has been very s a t i s f y i n g  t o  CU 
a l l  concerned. The Corps, Harbor D i s t r i c t ,  Moss Landing Marine Labs and 
m* 
Department of F i s h  and Game a l l  contr ibuted t o  t h i s  splendid cooperative 
e f f o r t  on behalf of t h e  a r e a ' s  na tu ra l  resources.  
- 
Reclamation of  Wetlands 
P a r t s  of the  na tu ra l  s a l t  marsh and mudflats bordering Elkhorn Slough 
a r e  being reclaimed f o r  a g r i c u l t u r a l  use. About 350 a c r e s ,  mostly along 
t h e  southern and e a s t e r n  edges of t h e  slough,  a r e  i n  var ious  s t ages  of 
reclamation behind t i d e  ga tes  anddams. 
Tidal  a c t i o n  a l s o  i s  blocked from t h e  o ld  Sa l inas  River channel by 
a t i d e  ga te  under Pot rero  Road. Moro Cojo Slough i s  v i r t u a l l y  dr ied  up 
behind gates  i n s t a l l e d  a t  i t s  o u t l e t  a t  Moss Landing Road and S t a t e  
Highway 1 ( p l a t e  7) .  This type of reclamation i s  decreasing t h e  f i s h  
and w i l d l i f e  production of t h e  es tuary .  Fur ther  encroachments should 
be discouraged. 
S a l t  Ponds 
The s a l t  pond a r e a ,  l oca t ed  on t h e  no r th  s i d e  of  t h e  s lough  where 
it j o i n s  t h e  harbor ,  was reclaimed f o r  s a l t  product ion over  50 y e a r s  
ago, Approximately 800 a c r e s  of  c r y s t a l i z i n g  and concen t r a t ion  
(evapora t ing)  ponds and salt  marsh a r e  owned by t h e  IvIonterey County 
S a l t  Works, A d i scuss ion  of use  c o n f l i c t s  i n  t h e  Elkhorn a r e a  should 
inc lude  t h e s e  ponds which a r e  extremely important l o a f i n g  ( r e s t i n g )  and 
feeding  a r e a s  f o r  s e v e r a l  spec i e s  of  migra t ing  b i r d s ,  i nc lud ing  t h e  
C a l i f o r n i a  brown pe l i can ,  F o r s t e r s '  t e r n ,  Caspian t e r n ,  avoce t ,  black-  
necked s t i l t  and t h e  phalaropes. 
The Monterey County S a l t  Works were e s t a b l i s h e d  i n  1916 and a t  one 
time suppl ied  s a l t  t o  t h e  Moss Landing canner ies   art, 1966). S ince  
1960 only  300 a c r e s  have been i n  product ion.  Because o f  t h e i r  l o c a t i o n  
t h e  lands  belonging t o  t h e  s a l t  works would be key p rope r ty  i n  any 
f u t u r e  development of Moss Landing Harbor. 
Carefu l  dredging accompanying t h e  expansion and development of t h e  
harbor  may not  have a s e r i o u s ,  d i r e c t  e f f e c t  on t h i s  v i t a l  h a b i t a t .  
However, shallow water  a r e a s  l i k e  t h e  ponds and t h e  surrounding low-lying 
marsh would make i d e a l  dredging s p o i l  s i t e s  o r  rec lamat ion  s i t e s ,  s u i t a b l e  
f o r  urban and i n d u s t r i a l  development. Any use of  t h e  ponds f o r  such pur- 
poses would e l i m i n a t e  a n  extremely va luab le  h a b i t a t .  
Another p o t e n t i a l  use  of t h e  s a l t  pond a r e a s  i s  mar i cu l tu re ,  o r  
s h e l l f i s h  product ion.  Such use would cause l e s s  c o n f l i c t  and may be 
b e n e f i c i a l  t o  some f i s h  and w i l d l i f e  spec i e s .  Whoever makes land  use 
p lans  and dec i s ions  should g ive  mar i cu l tu re  c lo se  cons idera t ion .  However, 
should t h e  s a l t  ponds be dredged out  f o r  - any purpose, t h e  Department 
recommends c a r e f u l  s e l e c t i o n  of s p o i l  s i t e s .  
Top Photo: The salt ponds at Elkhorn Slough provide good loafing and feeding areas for coastal 
migratory birds. 
Agricultural Stabilization & Conservation Service photo - June 1968 
Bottom Photo: Monterey County Salt Works 
D.F.G. photo by Frank Hubbard M a r c h  1970 
Water Qua l i ty  
The d i r e c t  quant i ta t ive  l o s s  of hab i t a t  due t o  development or land 
use change i s ,  of course, an obvious t h r ea t  t o  t he  na tura l  resources of 
any area.  kua l i t a t ive  l o s s  of es tuar ine  hab i t a t  due t o  degradation of i t s  
waters i s  a more ins idious  kind of t h r ea t ,  but equally serious.  In tens i -  
f i e d  use of the  estuary and surrounding watershed have led t o  a gradual 
de te r io ra t ion  of the  water qua l i ty  i n  Elkhorn slough. 
H i  s tory  
MacGinitie, (1935) reported v i r t u a l l y  no pol lut ion during the  9 years 
p r i o r  t o  1935 t h a t  he studied the  ecology of the  slough--"population was 
sparse and produced l i t t l e  sewage." Reports of "marginal" water qua l i ty  
began t o  show up  a able 2 )  a f t e r  1954, when the  Bureau of Sanitary Engi- 
neering (B.s.E.) of t he  Department of Public Health i n i t i a t e d  a s e r i e s  of 
invest igat ions  at  the  request  of l oca l  she l l f i sh  growers. By 1965 t e s t s  
showed t h a t  water samples no longer met standards s e t  by t he  Public Health 
Service f o r  approved she l l f i sh  growing areas.  Only two out of 14 she l l -  
f i s h  meat samples met bacter iological  c r i t e r i a  f o r  shucked oysters  a t  t he  
wholesale market level .  Neither did the  waters consis tent ly  meet the  
S ta te  Department of Public Health water contact  spor ts  standards (B.s.E., 
1967). Because of excessive bac t e r i a l  concentrations found during 1966 
the  one remaining commercial oyster  bed was closed ea r ly  i n  1967 by the  
Public Health Department. 
Since 1966 the  Monterey County Department of Public Health, i n  cooper- 
a t ion  with t he  Moss Landing Harbor D i s t r i c t  s t a f f ,  has rout inely  sampled 
the  Elkhorn waters twice a month. Finally,  i n  1969 the  slough and harbor 
was posted with signs warning of contaminated she l l f i sh .  The l a w  requir ing 
Table 2 
Bac te r io log ica l  sampling ol' Elkhorn Slough Waters 1 / 
- 
( ~ u r e a u  of San i t a ry  Engineering, 1967) 
To ta l  No. 
Year 
-
of samples Results  
1954 15 Met s tandards 
1960 10  Marginal 
1962 5 1 Fa i l ed  t a  meet s tandards 
1963 9 Met s tandards 
1964 6 Met s tandards 
1965 45 Fai led  t o  meet s tandards 
1966 192 Fa i l ed  t o  meet s tandards 
1967 357 Fai led  t o  meet s tandards 
1/ 
In te rp re ted  by comparison with Publ ic  Health Service S h e l l f i s h  c r i t e r i a  
f o r  approved growing a reas .  
post ing i s  i n  t h e  Cal i fornia  Administrative Code which states t h a t  counts 
of coliform organisms ( b a c t e r i a  c h a r a c t e r i s t i c a l l y  associa ted  with f e c a l  
mat ter )  s h a l l  not  exceed 230 MPN (most probable number) coliform per  100 
grams of meat and the  waters s h a l l  not  have counts exceeding 70 MPN per  
100 m i l l i l i t e r s  of water. The Monterey County Department of Publ ic  Health 
1970 counts revealed t h a t  gaper clams conta in  a s  high as 2,200 MPN and t h a t  
t h e  water samples s t i l l  run over 24,000 M P N / ~ O O  m l .  For t h e  p a s t  two years  
t h e  area  has been posted as p o t e n t i a l l y  hazardous t o  pub l ic  hea l th  and 
p resen t ly  i s  s t i l l  posted. 
Sources of Po l lu t ion  
While t h e  word po l lu t ion  i s  commonly used t o  descr ibe  impairment of 
water qual i ty ,  it should be pointed out  t h a t  t h e  problem i n  Elkhorn Slough, 
and espec ia l ly  i n  Moss Landing Harbor, i s  one of contamination, as wel l  as 
pol lu t ion.  The S t a t e  Water Code (13005) de f ines  contamination as an i m -  
pairment i n  water q u a l i t y  " t o  t h e  degree which c r e a t e s  an a c t u a l  hazard t o  
publ ic  hea l th  through poisoning o r  through t h e  spread of d isease ."  Pol- 
l u t i o n  i s  defined a s  impairment which does not  c r e a t e  an a c t u a l  hazard t o  
public heal th ,  but  which does "adversely and unreasonably" a f f e c t  bene- 
f i c i a l  uses of S t a t e  waters. I f  present  l e v e l s  of contamination a r e  deemed 
an unreasonable in te r fe rence  with the  water contact  and harves t ing of 
s h e l l f i s h  uses, then a s t a t e  of po l lu t ion  e x i s t s .  
The two major sources of contamination of t h e  Elkhorn environs a r e  
t h e  watershed drainage and runoff and d i r e c t  discharge of sewage i n t o  t h e  
harbor. P r inc ipa l  watershed sources apparently a r e  t h e  o l d  Sal inas  River 
channel and t h e  Tembladero Slough, both of which receive  a g r i c u l t u r a l  
( i r r i g a t i o n )  runoff and sewage treatment p l a n t  e f f luen t ;  and t h e  d a i r i e s  
t h a t  are located  on t h e  south and e a s t  s ide  of the  slough (water  Resources 
Engineers, Inc . , 1969) ( p l a t e  11) .  
WATSONVILLE 
a Old Salinas River 
@ Tembladero Slough 
8 Commercial Boats 
@ Pleasure Boats 
@ Commercial Bus. 
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GRAPHIC SCALE 
SOURCES OF COLIFORM ORGANISMS TO WATERS 
Moss Landing-Castroville Vicinity 
Direct  discharges of untreated sewage en te r  the  lower slough and t h e  
harbor from i n d u s t r i a l ,  commercial and r e s i d e n t i a l  sources a s  w e l l  as from 
t h e  commercial and pleasure  boats  moored i n  t h e  harbor. 
Within each of t h e  three  major arms of the  harbor-slough complex, 
h ighes t  concentrat ions of the  ind ica t ive  coliform organisms were found i n  
t h e  southern por t ion  of t h e  harbor (B. S. E. , 1967) . The slough has t h e  next  
h ighes t  concentration, t h e  degree of contamination a t  any one time depend- 
i n g  on t h e  s tage  of t h e  t i d e .  There i s  evidence, f o r  ins tance ,  t h a t  during 
f lood t i d e  condit ions,  contaminants a r e  a c t u a l l y  ca r r i ed  i n t o  t h e  slough 
from t h e  harbor ( ~ e r r y ,  1966). 
Old Sal inas  River Channel 
I n  1967 t h e  Bureau of Sani tary  Engineering indicated  t h a t  t h e  t o t a l  
coliform densi ty  of t h e  o ld  channel w a s  24,000 WN per 100 m i l l i l i t e r s  of 
water sample. The Bureau reported t h a t  causes f o r  these  r a t h e r  high counts 
could not  be accura te ly  pinpointed, but  speculated t h a t  they probably came 
from (1) regrowth of coliforms, ( 2 )  i r r i g a t i o n  runoff (ar t ichokes ,  straw- 
b e r r i e . ~ ,  e t c .  ), ( 3 )  t h e  sea  g u l l  colony l i v i n g  a t  t h e  mouth of t h e  r i v e r ,  
and/or ( 4 )  another l o c a l  source. The r e l a t i v e l y  low r a t i o  of f e c a l  c o l i -  
form t o  o ther  colfform organisms i n d i c a t e s  t h a t  high counts probably a re  
due t o  a g r i c u l t u r a l  drainage r a t h e r  than sewage ( ~ e r r y ,  1966). 
Tembladero Slough 
The Cas t rov i l l e  sewage treatment p lan t  i s  Moss Landing Harbor's major 
source of contaminants which a r e  discharged through t h i s  slough. Tembladero 
Slough a l s o  d ra ins  a considerable amount of i r r i g a t e d  land. The Sani tary  
Engineering Bureau r e p o r t s  a high densi ty  of coliform organisms (24,000 
M P N / ~ ~ O  m l .  ) at  i t s  confluence with t h e  old Sal inas  River channel. Surface 
n u t r i e n t  (phosphate, n i t r a t e ,  n i t r i t e ,  s i l i c a t e  and ammonia) l e v e l s  i n  
t he  channel consis tent ly  have been observed t o  be 20 t o  50 times g rea te r  
than i n  any other area of' t he  slough or harbor ( ~ i c h a r d  E. Smith, pers .  
comm. ) . 
Dairies 
There a re  three  d a i r i e s  located on t he  Elkhorn watershed. They a l l  
a r e  ra ted  Grade A Market Milk Dairies and have been operating f o r  many 
years. Together they run over 1,000 head of da i ry  cows and about hal f  
a r e  milked dai ly .  
In  general,  l i qu id  and so l i d  wastes o r ig ina te  i n  the  dairy  barns, from 
washing, r ins ing,  and san i ta ry  operations. The wastes a r e  then transmitted 
untreated by a system of di tches  t o  Elkhorn Slough. A t  the  point  of d i s -  
charge i n t o  the  slough, these  wastes have varied from an MPN of 2,000 t o  
2,000,000 per 100 m l .  i n  coliform bac te r ia  content (B.s.E., 1967). Two 
sep t ic  tanks from each of two of the  d a i r i e s  a l s o  contribute t o  t he  con- 
tamination of Elkhorn Slough. 
P. G. and E. 
By f a r  the  l a rge s t  discharger i n  t he  a rea  i s  the  Pacif ic ,  G a s  and 
E lec t r i c  Company power p lan t  t h a t  expels waste waters from e l e c t r i c  gener- 
a to r  cooling condensers. The P. G. & E. o u t f a l l  discharges j u s t  above the  
mouth of Elkhorn Slough and d i r e c t l y  i n t o  ocean through two 12 foo t  pipes, 
600 f e e t  off shore. 
According t o  a Department evaluation (Pelgen, 1951) and other repor t s  
(B.s.E., 1967; Water Resources Engineers, Inc.,  1969) t he  discharge i s  of 
l i t t l e  public heal th  significance.  The waste waters a re  e s sen t i a l l y  un- 
changed sea water, but  f o r  a r i s e  i n  temperature ( 6 . 1 ° ~  average and 1 8 O ~  
a t  peak) and foam from a screen cleaning operation. However, P. G. & E. 
w i l l  soon have t o  comply with new standards concerning thermal discharges. 
Recent Ca l i fo rn ia  l e g i s l a t i o n  c a l l s  f o r  new environmental impact s t a t e -  
ments by 1973 and more r i g i d  r e s t r i c t i o n s  on thermal d ischarges  both on 
new and e x i s t i n g  f a c i l i t i e s .  
Kaiser Ref rac to r i e s  
The Kaiser Aluminum and Chemical Corporation discharges process ing  
and cooling waters ,  a s  we l l  as t h e i r  s a n i t a r y  wastes,  i n t o  t h e  harbor v i a  
Moro Cojo Slough. These wastes a r e  passed f i r s t  through an Imhoff o r  
s e p t i c  tank.  Although col iform counts have been measured a t  160 M P N / ~ O O  
m l .  (water  Resources Engineers, Inc . ,  1969), t h i s  degree of contamination 
i s  considered i n s i g n i f i c a n t  s ince  t h e  wastes a r e  d i l u t e d  about 1,000 t imes 
with waste s e a  water from t h e  processing operat ion (B.s.E., 1967). 
During World War 11, Kaiser  I n d u s t r i e s  removed magnesium, needed 
f o r  the  war e f f o r t ,  from sea  water.  Today, magnesium oxide, used t o  make 
r e f r a c t o r y  b r i cks ,  i s  t h e  r e s u l t a n t  product.  A process which mixes sea  
water with reduced dolomite y i e l d s  calcium ions  and magnesium hydroxide 
 art, 1966). The e f f l u e n t  i s  calcium-rich water and conta ins  t h e  remain- 
i n g  magnesium compound which escapes Ka i se r ' s  s e t t l i n g  ponds. These chemi- 
c a l s ,  t h a t  mix with t h e  sea  water t o  cause grey-white depos i t s ,  which coa t  
about 1,000 f e e t  of slough shore l ine ,  may have an adverse e f f e c t  on bottom- 
dwell ing organisms. Although a steady and continuing r a t e  of d ischarge  
over t h e  p a s t  years  has y ie lded  few apparent long-range e f f e c t s  on t h e  
environment, no d e f i n i t i v e  study has  been made t o  da te .  
Boats 
-
About 250 boats  (mostly commercial) dock i n  t h e  south p a r t  of t h e  
harbor  and another  50 (mostly p leasure  c r a f t )  moor a t  t h e  Elkhorn Yacht 
Club i n  t h e  nor th  harbor. Although the re  i s  no permanent r e s i d e n t  popu- 
l a t i o n  aboard t h e  v e s s e l s  i n  t h e  harbor, occas ional ly  t h e  boa t s  a r e  used 
f o r  temporary residence during maintenance operat ions.  Water Resources 
Engineers, Inc.,  (1969), a p r i v a t e  engineering f i rm es t imates  t h a t  t h e r e  
a r e  enough people, boats  and commercial a c t i v i t y  t o  cause 2,000 gal lons  
of waste per  day with an extremely high coliform count (est imated a t  
5.42 X 167 MPN count per  100 m l .  ). 
Other Commercial and Resident ia l  Sources 
During the  Bureau of Sani tary  Engineering 1967 survey of t h e  area, 
severa l  p r i v a t e  sewage systems with de f ic ienc ies  were found contaminating 
the  harbor. A cafe,  r e s tauran t  bar  and boathouse, a l l  located  j u s t  i n s i d e  
t h e  north harbor, and t h e  yacht club a s  well ,  were responsible  f o r  con- 
s iderable  discharge with very high coliform count. A few l o c a l  r e s i d e n t s  
and house t r a i l e r s  about t h e  harbor and a t  Moss Landing a l s o  were found 
contr ibut ing t o  t h e  genera l ly  contaminated s t a t e  of t h e  harbor waters. 
Control 
Contamination and po l lu t ion  of t h e  waters of Elkhorn Slough and Moss 
Landing Harbor a r e  of d i r e c t  concern t o  t h e  Department of F i sh  and Game 
because of t h e  l i m i t a t i o n  and r e s t r i c t i o n  placed on t h e  human use of t h e  
s h e l l f i s h  resources due t o  high coliform b a c t e r i a  l e v e l s  and because of 
t h e  presence of mate r i a l s  harmful t o  o ther  f i s h  and w i l d l i f e  resources.  
Po l lu tan t s  commonly eppearing i n  r a w  sewage, f o r  ins tance ,  o f t en  include 
grease, sludge, o i l s ,  solvents ,  detergents ,  bleaches, corrosives,  and a 
wide v a r i e t y  of o ther  harmful mater ia ls .  These can a f f e c t  aqua t i c  organ- 
i s m s  severa l  d i f f e r e n t  ways, including abras ion and corrosion of body 
t i s s u e s ,  poisoning through ingest ion,  suffocat ion by coat ing t h e  g i l l  sur-  
faces,  depression of dissolved oxygen, and a l t e r a t i o n  of h a b i t a t  by t h e  
deposit ion of slimes and sludges ( Giguere, 1970). Consequently, t h e  
Department f o r  many years  has  worked c lose ly  with the  S t a t e  and County 
agencies responsib le  f o r  cont ro l  of publ ic  hea l th  and p o l l u t i o n  problems 
of the  Elkhorn and i t s  environs. A b r i e f  chronology of measures taken t o  
con t ro l  t h e  q u a l i t y  of the  Elkhorn waters  and p o l i c i e s  adopted by t h e  
Bta te  and l o c a l  agencies involved should be he lp fu l .  
I n  November, 1955, t h e  Central  Coastal  Regional Water Quali ty Control 
Board adopted a po l i cy  statement f o r  t i d a l  waters  i n  the  Moss Landing a rea  
t h a t  declared i t s  i n t e n t i o n  t o  p r o t e c t  the  following b e n e f i c i a l  uses  of 
S t a t e  waters  aga ins t  impairment from waste discharges:  (1) s p o r t  f i sh ing ,  
( 2 )  i n d u s t r i a l  supply, ( 3 )  clamming, (4) f i s h  propagation, and ( 5 )  genera l  
beach rec rea t ion .  A t  t h a t  time (1954) the  Board a l s o  recognized t h a t  t h e  
upper waters  of Elkhorn Slough were used f o r  commercial oys ter  opera t ions  
and the  waters of t h e  harbor f o r  processing f i s h  a t  l o c a l  canneries 
(B. s,E., 1966). 
Then, i n  compliance with t h e  Federal  I n t e r s t a t e  Water Quali ty Plan 
of 1965, the  Regional Board developed a new po l i cy  f o r  t h e  only i n t e r s t a t e  
waters  i n  i t s  j u r i s d i c t i o n ,  the  c o a s t a l  waters of t h e  P a c i f i c  Ocean from 
Point  P iedras  Blancas t o  Pescadero Point ,  inc luding t h e  t i d a l  waters  of 
t h e  Elkhorn Slough. This policy,  however, precluded standards high enough 
t o  p r o t e c t  s h e l l f i s h i n g  i n  t h e  slough, s ince  the  Board a t  t h a t  time f e l t  
t h a t  t h e  ex ten t  and use  of the  s h e l l f i s h  resource was i n s i g n i f i c a n t .  A t  
a 1967 publ ic  hearing held by the  S t a t e  Water Quali ty Control Board t o  
review t h i s  po l i cy  p r i o r  t o  i t s  adoption, t h e  Department of fered  s t rong  
support f o r  "designation of s h e l l f i s h i n g  a s  a b e n e f i c i a l  use t o  be pro-  
t e c t e d  i n  Elkhorn Slough" u n t i l  which time "some f u t u r e  f a c t o r  o ther  than 
water q u a l i t y  precludes the  propagation of s h e l l f i s h  i n  t h i s  a rea"  ( ~ e -  
partment of Fish  and Game, 1967). The S t a t e  Board u l t i m a t e l y  amended the  
new reg iona l  pol icy  t o  include p ro tec t ion  of harves t ing  s h e l l f i s h  f o r  
human consumption. That po l i cy  i s  s t i l l  i n  e f f e c t .  
I n  May, 1969, t h e  S t a t e  Board, a t  t h e  reques t  of t h e  Regional Board, 
authorized Water Resources Engineers, Inc. (WRE), a p r i v a t e  c i v i l  engi- 
neering firm, t o  make an evaluation of a l t e r n a t e  water qua l i ty  con t ro l  
p lans  f o r  t h e  slough and harbcr.  Some of t h e  conclusions presented by 
t h i s  f i r m  a r e  as follows (~m, 1969): 
1) The major contr ibutors  of contamination apparently a r e  t h e  sew- 
age treatment p l a n t s  whose e f f l u e n t s  reach t h e  south harbor v ia  
t h e  Old Sal inas  River (channel)  and t h e  d a i r i e s  who discharge 
barn wastes t o  Elkhorn Slough. 
2 )  The e f f e c t  of increased cooling water pumpage from t h e  south 
harbor by P.G. & E. has been t o  improve t h e  water q u a l i t y  of 
t h e  e n t i r e  system, espec ia l ly  i n  t h e  south harbor and lower 
s lough . 
That even with a l l  use r s  (navigation,  hunting, f i sh ing ,  s h e l l -  
f i s h  harvest ing,  i n d u s t r i a l  water supply, water contact  spor ts ,  
s c i e n t i f i c  study, p leasure  boating and preservat ion and enjoy- 
ment) growing t o  10 times t h e i r  present  l e v e l s  i n  50 years, t h e  
d o l l a r s  and cents  of b e n e f i t s  and c o s t s  do not  j u s t i f y  a t t a i n i n g  
an environmental coliform count of only 70 M P N / ~ O O  m l .  ( ~ o t e :  
90 t o  99 percent  of t h e  sources would have t o  be el iminated t o  
a t t a i n  t h i s  s tandard) .  
4) The present  coliform concentrat ion of approximately 400 MP~/100 
m l .  i s  apparently qu i t e  adequate t o  p ro tec t  and support t h e  l a rge  
majori ty of users  of the  Elkhorn and Moss Landing environment 
el able 3 ) .  
The WRF: r epor t  summary s t a t e s  t h a t  while t h e r e  i s  no apparent economic 
j u s t i f i c a t i o n  f o r  a t t a i n i n g  s h e l l f i s h  growing standards, "nei ther  i s  the re  
any s o c i a l  or  moral j u s t i f i c a t i o n  f o r  permit t ing  t h e  q u a l i t y  of Elkhorn 
Slough t o  decay (any f u r t h e r ) . "  The key phrase i s  "economic j u s t i f i c a t i o n . "  
The Department, of course, recognizes t h e  economics t h a t  a r e  involved. 
However, i n  the  face  of t h e  t o t a l  t h r e a t  now confronting t h e  disappearing 
wetlands of Cal i fornia ,  a s  wel l  as t o  t h e  many other  c r i t i c a l l y  threatened 
"open spaces," t h e  Department f e e l s  t h a t  t h e r e  can be no moral or  s o c i a l  
j u s t i f i c a t i o n  t o  allow - any decay of t h e  water q u a l i t y  of any remaining 
-
TABLE 3 
ENVIRONMENTAL WATE33 USE UWELS AND QUALITY CRITERIA 
I N  ELKKORN SLOUGH AND MOSS LANDING RAIiBOR 
(water Resources Engineers, Inc . , 1969 ) 
COLIFORM CRITERIA, M P N / ~ O O  m l  
USE 
TOTAL FECAL 
1. Navigation 10,000 2,000 
2. Hunting 10,000 2,000 
3. Fishing 10,000 2,000 
4. She l l f i sh  Harvesting 70 7 
5. I n d u s t r i a l  Water Supply 10,000 2,000 
6. wster  Contact Sports  1,000 200 
7. S c i e n t i f i c  Study 5,000 1,000 
8. Wildl i fe  Preservation & Enjoyment 5,000 1,000 
9. Pleasure Boating 10,000 2,000 
coas ta l  wetland. Hence, u n t i l  the  time a factorgother than water qua l i ty  
precludes the  propagation of she l l f i sh  i n  t he  area, t he  Department must 
urge t h a t  she l l f i sh ing  a s  a benef ic ia l  use of t h e  S ta te  waters be pro- 
t ec ted  i n  Elkhorn Slough. 
No subsequent act ion has been taken since the  Regional Board accepted 
t he  WRE repor t .  However, new plans f o r  the  cen t r a l  coas ta l  region a re  
being prepared now under guidelines of t he  Federal Environmental Protection 
Agency and the  S ta te  Board. These new plans, ca l l ed  Interim Water Quality 
Management Plans were reviewed publ ical ly  on May 5, 1971, a t  San Luis 
Obispo by a l l  concerned i n t e r e s t s  and were t o  be completed by July,  1971, 
i n  order t o  qualify f o r  federa l  funding. The plan f o r  t he  Monterey Bay 
Area, including the  Elkhorn Slough-Moss Landing region, provides t h a t  no -
domestic sewage, t rea ted  or  untreated, may be discharged d i r e c t l y  i n t o  
t he  waters of the  area. The S ta te  Board, f o r t i f i e d  by the  Porter-Cologne 
Clean Water Act of 1969, which provides f o r  s t r ingen t  measures regarding 
v io la t ions  of waste discharge requirements i n  S t a t e  waters, has adopted a 
pol icy f o r  coas ta l  and t i d a l  waters t h a t  "prohibi ts  domestic discharge 
i n  waters within 1,000 f e e t  from shore o r  above the  100 foo t  contour l e v e l  
on t he  ocean f loor ,  whichever i s  t he  most r e s t r i c t i v e . "  
I n  t he  meantime, under the  policy s t i l l  i n  existence, the  Regional 
Board, working with the  Monterey Department of Public Health, has placed 
r e s t r i c t i o n s  on d i r e c t  discharge by l oca l  d a i r i e s  and i s  encouraging t he  
town of Cast rovi l le  t o  improve treatment and land deposit ion of i t s  
domestic wastes. 
The Monterey County Public Health Department a l so  has been ac t ive  i n  
t he  problem of water qua l i ty  i n  the  Elkhorn Slough area.  The County De- 
partment was instrumental i n  forming a c i t i z e n s  committee t o  evaluate 
correct ive  needs. Composed of representa t ives  f o r  industry, recreat ion,  
p r iva te  c i t i zens ,  fishermen, and government, the  committee recommended t o  
t he  County Board of Supervisors t h a t  a study of sewage f a c i l i t y  needs i n  
t he  Moss Landing area  be made. Consulting engineering firms recommended 
t h a t  the  Castrovi l le  sewage treatment p lan t  be abandoned bnd t h a t  a new 
j o i n t  Castroville-Moss Landing p lan t  be constructed near Moss Landing 
which would discharge i t s  e f f luen t  through an ocean ou t f a l l .  However, by 
means of a public referendum, the  people of the  area re jec ted  the  new 
f a c i l i t y  a s  not  economically f ea s ib l e  a t  t he  l oca l  l eve l .  
Pest ic ides  
Agricul tura l  insec t ic ides  a re  another source of pol lut ion.  Levels 
of pes t i c ide  residues tend t o  reach r e l a t i ve ly  high l eve l s  i n  the  Elkhorn 
v i c i n i t y  due t o  the  broad, shallow watershed basin t h a t  dra ins  many t ruck 
crops, i r r i g a t e d  pasture and dairy  operations. 
A s  a p a r t  of a nationwide program t o  monitor organochlorine pe s t i -  
cide residues i n  the  nat ion 's  es tuar ies ,  t he  Department--under contract  
with the  U.  S. Bureau of Commercial Fisheries--has been sampling she l l f i sh  
a t  10 t o  20 s t a t i ons  d i s t r ibu ted  along the Cal i fornia  coast .  Residues of 
DDT and ce r t a in  other arganochlorine insec t ic ides  have been found i n  oysters  
and mussels sampled from the  Elkhorn area.  Highest l eve l s  found i n  these 
she l l f i sh  t o t a l  almost two p a r t s  of residue per mil l ion p a r t s  of water 
(Cal i fornia  Department of Fish and Game, 1967, e t .  seq. ) . But, i n  most 
instances,  samples contained l e s s  than one ppm. Although these  l eve l s  
a r e  among the  highest  found a t  the  coas ta l  s t a t i ons  sampled, they w e  well  
below concentrations allowable by t he  Food and Drug Administration i n  
processed foods. 
It i s  the  ins idious  nature of t he  chlorinated hyd-rocarbons, l i k e  Dm, 
t o  accumulate i n  t he  f l e sh  and fa t  of mollusks, f i sh ,  f i sh-eat ing bi rds ,  
and many other adu l t  and l a r v a l  forms of water-associated animals. Re- 
cently,  however, the  use of these  organochlorine pes t i c ides  has been cur- 
t a i l e d  by l e g i s l a t i v e  action.  Hopefully the  po l lu t ion  of t he  b io t a  of the  
Elkhorn a rea  from t h i s  source w i l l  s t ead i ly  decline.  
The most recent and graphic i l l u s t r a t i o n  of the  sub t le  and f a r -  
reaching e f f e c t s  of pe r s i s t en t  pes t i c ides  i s  t h e  p l i gh t  of the  Cal i fornia  
brown pel ican t h a t  f inds  the  Elkhorn such a good r e s t i ng  area.  Nesting 
f a i l u r e  of the  pel ican colony on Anacapa Is land i n  t he  Santa Barbara 
Channel has been a t t r i bu t ed  t o  eggshell weakness linked with accumulation 
of DDT ( repor t  i n  progress, Department of Fish and ~ a m e ) .  Based on pre- 
sent  knowledge, it i s  s t r i c t l y  conjectural  a s  t o  how long it w i l l  take t he  
coas ta l  e s tua r i e s  l i k e  Elkhorn Slough t o  purge themselves of pe r s i s t en t  
pes t ic ides .  It i s  important t h a t  input of these  mater ia ls  i n t o  the  Slough 
be a t  an absolute minimum. 
Mosquito Abatement 
According t o  the  Monterey County Mosquito Abatement D i s t r i c t ,  key 
problem areas  a r e  i n  the  low marshy areas  between Elkhorn Road and t h e  
r a i l r oad  right-of-way, t he  drainage systems of t h e  da i r i es ,  and i n  the  
v i c i n i t y  of t he  old duck ponds on t he  north s ide  of the  slough. Resi- 
den t i a l  development i n  the  f o o t h i l l  a rea  has changed the watershed, i n -  
creased run-off and caused some mosquito problems. Bgwever, s trong t i d a l  
f lushing minimizes problems i n  t he  slough i t s e l f .  
The D i s t r i c t  controls  mosquitos through proper drainage maintenance 
and a e r i a l  appl icat ion of pes t ic ides .  "Baytext' i s  used i n  es tuar ine  s i t u -  
a t ions;  "Dursban" i n  organically polluted areas; and "Abate" i n  host  
spec i f ic  s i tua t ions  ( t he r e  a re  18 species of mosquitos and midges i n  
Monterey county) (~oward  Greenfield, 1971, pers.  comm.). Al l  of these  
compounds a r e  organic phosphates and i f  properly applied have a l e s s  de- 
s t r uc t i ve  e f f e c t  on t he  environment than some of t he  chlorinated hydro- 
carbons (DDT and the  l i k e ) .  However, "Baytext' can be highly toxic  t o  
shorebirds ( ~ e i t h ,  1969) and should not be used i n  areas a t t r a c t i v e  t o  
them. 
The l oca l  mosquito abatement d i s t r i c t  i s  aware of w i ld l i f e  needs and 
t he  l eve l s  of pes t i c ides  used apparently pose no serious t h r ea t  t o  the  
water qual i ty  of the  estuary, nor t o  i t s  f i s h  and wi ld l i fe .  
Highway Relocation 
The S ta te  Division of Highways plans t o  re loca te  the  S t a t e  Highway 1 
crossing 14 miles up the  slough from t h e  present  bridge location.  The 
re locat ion i s  pa r t  of a Division pro jec t  t o  bui ld  a segment of freeway 
from Merr i t t  S t r ee t  i n  Cast rovi l le  t o  0.6 miles south of t h e  Pajaro River 
(P l a t e  12) .  This p ro jec t  i s  pa r t  of a proposed freeway system t h a t  u l -  
t imately w i l l  l i nk  the  c i t i e s  of Santa Cruz and Monterey. The i n i t i a l  
phase of construction i s  scheduled f o r  l a t e  1974. 
Early i n  1970, t he  Division of Highways requested the  Department's 
comments on the  possible e f f e c t s  of t he  p ro jec t  on t h e  slough. A t  t h a t  
time the Department, concerned with d i r e c t  e f f ec t s ,  suggested tha t :  ( 1 )  
no s i l t a t i o n  be allowed t o  en te r  the  Elkhorn Slough e i t h e r  during or  a f t e r  
construction; ( 2 )  no devices should be placed i n  the  slough which would 
obst ruct  i n  m y  way the  f r e e  flow of t i d a l  exchange or  other waters; (3)  
no f i l l  mater ia l  should be placed upon the  surrounding marshland, or  i n  
t he  water, I n  addi t ion t o  welcoming these  suggestions, the  Division i nd i -  
c a t e s  t h a t  every precaution w i l l  be used t o  cross  the  slough with a s  l i t t l e  
disturbance a s  possible. 
The S ta te  Environmental Quality Act of 1970 requires  t h a t  an environ- 
mental impact repor t  on t h i s  and every highway p ro j ec t  be prepared by the  
Division. The Act provides f o r  review by t h e  Department and other con- 
cerned agencies p r io r  t o  the  r e p o r t ' s  submission t o  the  S t a t e  Highways 
Commission f o r  p ro jec t  funding. The pro jec t  a l s o  w i l l  be reviewed ac- 
cording t o  Public Law 90-495 by the  U. S. Department of Transportation 
~ h i c h  now requires  an environmental impact review of a l l  crossings over 
navigable waters. According t o  Public Law 90-495, t he  ever-increasing 
numbers of environmental safeguards which a r e  coming t o  the  rescue of our 
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threatened coas ta l  wetlands, a s  well  as other of our open spaces, i s  en- 
couraging; and the  cooperative way t h a t  public agencies such a s  t he  Divi- 
s ion of Highways a re  responding t o  them i s  equally encouraging and com- 
mendable. 
The proposed mid-Slough crossing ac tua l ly  w i l l  provide two very good 
opportunit ies t o  enhance the  use of the  na tura l  resources of the  Elkhorn 
area.  A turnout or  parking a rea  a t  the  immediate north end of the  pro- 
posed crossing would make a splendid observation point  f o r  w i ld l i f e  
watching and general viewing of t he  marsh. Should the  center span 
of t he  present bridge be removed f o r  some fu tu r e  harbor development, t he  
approaches, with minor modifications, could be l e f t  a s  f i sh ing  and obser- 
vat ion p ie r s .  
The ~ a t u r a l  resources of Elkhorn Slough apparently would be ab le  t o  
survive the  d i r e c t  e f f e c t s  of a ca re fu l ly  conceived and constructed high- 
way crossing a t  mid-slough. But what about the  i nd i r ec t  e f f e c t s  of such 
a freeway system through the  area? 
Unt i l  the  County's long-range plans f o r  t h e  Elkhorn-Moss Landing 
a rea  a re  f ina l ized ,  the  Department w i l l  not  be able  t o  s a t i s f a c t o r i l y  
evaluate the  long-range, i nd i r ec t  e f f e c t s  of t he  freeway on the  slough's  
resources and hab i ta t .  However, such an evaluation should be made p r io r  
t o  the  p ro j ec t ' s  construction because the  d e s i r a b i l i t y  and s u i t a b i l i t y  of 
t he  Elkhorn environs a s  urban-residential  and urban-industrial  land surely  
w i l l  increase  as t r a f f i c  through and access t o  t he  area  a r e  increased. 
Further r e s iden t i a l  and/or i ndus t r i a l  development obviously w i l l  have 
d i r e c t  e f f ec t s  on the  slough" hab i t a t s  and, hence, upon i t s  f i s h  and 
w i ld l i f e  . 
DISCUSSION AND OVI2RVIEW 
In  t h i s  repor t  t he  Department has made the  o f f e r  t o  i n t e r p r e t  t h e  
unique na tura l  and aes the t ic  values of Ithe Elkhorn Slough area f o r  a l l  
concerned about fu tu re  development plans.  But, i n  the  routine,  order ly  
documentation of the  resources of any na tura l  area, even one a s  important 
and vital  a s  Elkhorn Slough i s  t o  t he  t o t a l  ecology of t he  Cal i fornia  
coas ta l  wetlands, c e r t a in  b iopo l i t i c a l  f a c to r s  such a s  S t a t e  concern, 
nat ional  need and changing public a t t i t udes  and needs, a re  of ten l e f t  out 
o r  overlooked. A br ie f  overview should c l a r i f y  the  s ignif icance of some 
of these  f ac to r s  a s  they a f f ec t  the  fu ture  of Elkhorn Slough. 
Since World War 11, California has doubled i n  population. Most of 
t h i s  growth has been concentrated on the coast; some 13 mil l ion Californians 
now l i v e  within an hour 's  dr ive  of t he  Pacif ic .  The coas ta l  res iden t  popu- 
l a t i o n  i s  estimated t o  approach 20 rnill.ion by 1980. Is it any wonder then 
t h a t  c i t i z e n s  and t h e i r  leaders a r e  showing increased concern about pro- 
t e c t i ng  what i s  l e f t  of our p r ice less  and i r replaceable  coas ta l  a s se t s ?  
Ca l i fo rn ia ' s  mounting concern f o r  :nearshore waters, the  coas ta l  zone, 
bays and es tuasies ,  has been re f lec ted  i n  several  S t a t e  actions;  f i r s t ,  
t o  study t he  problems involved and second, t o  mobilize t h e  resources t o  
meet these problems. I n  i t s  1965 "Study of Resource Policy Directions 
f o r  California" t he  Sta te  Resources Agency recognized t he  competition f o r  
our resources, a s  wel l  a s  the  de te r io ra t ion  of our environment, and s t a t ed  
t h a t  environmental qual i ty  must be included a s  an i n t e g r a l  p a r t  of a l l  
planning and developmental programs. The Resources Agency pol icy s t a t e -  
ment c a l l s  f o r  "enhancement of the  qua l i ty  of l i f e , "  "freedom of choice 
i n  the  enjoyment of tlie Sta te  ' s na tura l  resources" and intergovernmental 
collaboration f o r  the  "coordination of resources management." 
Stimulated by a c l ea r  pol icy from the  Resources Agency, executive 
act ion and l a t e r ,  l e g i s l a t i v e  mandate, created top-level  advisory com- 
missions on marine and coas ta l  resources, charged t o  make pol icy recom- 
mendations t o  the  G overnor and the  Legis la tu re  ( Governor ' s Advisory 
Commission on Ocean Resources, 1965-68; superseded by t he  Cal i fornia  
Advisory Commission on Marine and Coastal Resources, 1968; and most 
recently,  an executive Interagency Council on Ocean Resources, composed 
of t he  heads of concerned S ta te  agencies and chaired by the  Lieutenant 
  over nor). These commissions have made firm recommendations fo r :  t he  
establishment of bay and estuary preserves, low-density use f o r  key marine 
environments, waste management pol lut ion control ,  and augnentation of 
higher education, t o  name a few. 
I n  addit ion t o  t he  Resources Agency po l i c i e s  and t he  Governor's 
Advisory Commission's recommendations f o r  ocean and coas ta l  resources, 
the re  are  fu r ther  recommendations contained i n  the  Depastment's three-  
volume Cal i fornia  Fish and Wildlife Plan of 1966, ce r ta in ly  the  most com- 
prehensive f i s h  and w i ld l i f e  resources planning program of i t s  kind devel- 
oped by any s t a t e .  
There i s ,  then, a continuing and increas ing concern by the  S t a t e  f o r  
our coas ta l  na tura l  resources. Pol ic ies ,  recornendations and plans f o r  
resources protection,  maintenance and wise use are available.  It i s  i m -  
-
portant  t o  implement t h i s  concern with proper decisions and action.  
Many of these  decisions w i l l  have t o  be made a t  t he  l o c a l  l eve l .  
Another f ac to r  which ul t imately  could decide the  f a t e  and fu tu r e  of 
Elkhorn Slough i s  "national  need." The continued population crush, 
fu r ther  r e s t r i c t i o n s  on t he  development of t h e  San F'rancisco Bay area,  
need f o r  new coas ta l  i n l e t s  f o r  Alaskan o i l ,  together with t h e  Elkhorn's 
unique po ten t ia l  a s  a deep water harbor a l l  make the  Elkhorn-Moss Landing 
area  seem l i k e  a "natural" f o r  harbor development. However, there  a r e  
other areas  with similar  po ten t ia l  elsewhere along the  coast .  
But "national  need" does not include only harbors and rai lheads.  A 
recent  Westinghouse Ocean Research Laboratory publ icat ion est imates the  
t o t a l  annual economic value of Ca l i fo rn ia ' s  nearshore waters a t  nearly 
1.3 b i l l i o n  do l la r s ,  of which approximately 887 mill ion do l l a r s  derive 
from recrea t iona l  uses, 390 mil l ion from commercial use and 9.4 mil l ion 
from sewage disposal  ( ~ l a r k e ,  1967). As more and more people obtain more 
and more l e i su re  time, the  need f o r  recreat ion w i l l  increase manyfold. 
S t i l l  another "national  need" loams large  i n  the  assessment of the  
t o t a l  values and a s se t s  of Elkhorn Slough. More and more the  s c i e n t i s t s  
and leaders  of the  nation a re  turning t h e i r  i n t e r e s t s  and energies t o  the  
development of the  ocean's seemingly boundless resources. Again the  unique- 
ness of the  Elkhorn-Moss Landing environs makes it highly su i tab le  f o r  
providing " the  special ized research experiences required f o r  the  education 
of s c i e n t i s t s  and engineers who w i l l  lead t h i s  nation toward the  mastery 
of the  oceans and resources" ( ~ a r v i l l e ,  1968). There i s  - no other  area 
along the  coast with s imilar  potent ia l .  
Final ly ,  one last fac tor  cannot be overlooked a s  a s i gn i f i c an t  i n -  
fluence i n  the  struggle t o  save our coas ta l  wetlands, and t h a t  i s  public 
opinion. A t  t h i s  point  i n  time, there  i s  no doubt t h a t  the  banner of 
"environmental concern" waves high over t he  land. Increased l e i su re  time 
and need f o r  recreat ion,  increased awareness of environmental deter iora t ion,  
t h e  increasing populari ty of hiking, photography, nature study and other 
nonappropriative use and an increasing ecological  s e n s i t i v i t y  t o  the  
p r inc ip le  t h a t  each l i v ing  organism has a r i g h t  t o  i t s  "place i n  the  sun," 
a l l  have contributed t o  t he  growing momentum of public concern f o r  our 
environment. N o ~ e r e  i s  t h i s  more apparent than along t h e  Cal i fornia  
coast  and i n  Monterey County i n  par t i cu la r .  Herculean e f f o r t s  a r e  now 
being made t o  save the  remaining salt marshes of t he  San Francisco Bay 
area.  The county o f f i c i a l s  and l oca l  c i t i z en ry  and conservation agencies, 
such a s  the  Audubon Society and Nature Conservancy have taken grea t  s t r i d e s  
towards maintaining the  ecological  i n t e g r i t y  of Bolinas Lagoon i n  Marin 
County ( ~ i g u e r e ,  1970). The "Friends of Newport Bay" and others  have de- 
layed implementation of a plan f o r  complete development of Upper Newport 
Bay. Goleta Slough i n  Santa Barbara County has received t he  same s o r t  of 
support from the  people of t h a t  area. 
The people of Monterey County have made t h e i r  fee l ings  known with 
regard t o  the  development and pol lut ion of Elkhorn Slough and Moss Landing 
Harbor. I n  1966, a "Citizens f o r  Clean A i r "  committee gathered over 12,500 
signatures against  the  construction of an o i l  r e f i ne ry  i n  the Elkhorn area; 
t h e  proposed s i t e  i s  now up f o r  s a l e  ( ~ o n t e r e y  Peninsula Herald, 
Februarry 4, 1971). The S ix  C i t i e s  Fund, a group a l so  opposed t o  such de- 
velopment a t  Moss Landing, i n  1965 endorsed a complaint of air and water 
po l lu t ion  against  t he  Kaiser p lan t  by l oca l  fishermen ( ~ o n t e r e y  Peninsula 
Herald, December 10, 1965 ) . The Anti -Pollution Association of Monterey 
County has expressed t h e i r  concern about t he  water qua l i ty  i n  Elkhorn 
Slough. Sportsmen, birdwatchers, fishermen, l o c a l  c i t i zens ,  a l l  a r e  join- 
ing forces  f o r  t he  preservation and wise use of t he  County's na tura l  r e -  
sources. 
The Department of Fish and Game welcomes t h i s  kind of concern and 
support i n  i t s  e f f o r t  t o  preserve, maintain or  improve t he  na tura l  r e -  
sources of Elkhorn Slough. 
One of the  p r inc ipa l  goals of the  North Monterey County General Plan 
( ~ a h n ,  Wise and Associates, Inc., 1968) i s  " to  maintain the  character  and 
natural  amenities of Monterey County while providing f o r  i t s  inev i tab le  
growth." Resolving "natural  amenities" with " inevi table  growth" w i l l  be 
an important decision t h a t  the  people of Monterey County w i l l  have t o  
make; and soon; f o r  "not t o  decide, i s  t o  decide." 
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- 
biplicata occwrHng a t  Elkhorn Slough, Pacific Grove, and Noaterey. 
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Bird Life of Elkhorn Slough and Moss Landing Harbor 
Shorebirds 
Avocet, American 
Curlew long-billed 
Dovitcher, long-billed 
Dwitcher, short -billed 
Knot 
Phalarope, northern 
Phalarope, red 
Phalarope, Wilson's 
P l w e r  , American golden 
Plover, black-bellied 
Plover, stmipalmat ed 
Limnodroarus mcolopaceus 
Limnodramur 
Erolia alpina 
-
L-aa fed- 
Charadriua vociferua 
Calidris ~ u t u s  
&obipes lobatus 
Phalaropus Pulicarius 
Stemnopus t r i c o l o r  
Pluvial is  daminica 
Squat w o l a  sqwtarola 
C 
Population Peak, 
lPumber and Month 
(1967-68) 
R zy' 606 MC. 
#I 147 Aug. 
M 45 Jsn. 
M 40 Jan. 
M 524 Bov. 
# 1454 Doc. 
R 2l0 Dee. 
M 1 Apr. 
M 8175 oct.  
H 4 Feb. 
M 34 Aug* 
M 31 -- 
- 
M 105 Jan. 
M 32 APT e 
Plover, snowy R -- -- 
Sanaerling Crocethia alba M 227 N O ~ .  
Sandpiper, Bairdfs Erolia b a l d i i  M 5 Apr. 
Sandpiper, l eas t  Ere~llia minutilla M 530 mc. 
Scientific names from Peterson a A R a l d  Guide t o  Western Birds 
Not recorded on Departmnt censuses 
4/ Escaped exotic 
- 
Sandpiper, p e c t o r d  
Sandpiper, spotted 
Sandpiper, western 
Snipe, common 
Stilt, black-necked 
Surf'bird 
Turnstone, black 
!hrnstone, ruddy 
Yellowlegs, greater  
Yelluwlegs, l e s s e r  
Willet 
Wading Birds 
Bi t tern,  American 
Egret, common 
Egret, reddish 
Egret, snuwy 
Flamingo, American 
Heron, great blue 
Heron, black-crowned night 
Gulls and Terns 
--- 
G u l l ,  Bonaparte's 
no 
Gull, California 
Gull, glaucous -winged 
ss G u l l ,  herring 
G u l l ,  Heerman's 
.w 
G u l l ,  mew 
Se iea t i f i c  Name 
-
Kimantopus mexicanus 
AphrP za 
Aremria melanocephala 
Arenaria fn te rpres  
Totanus rnelanoleucus 
Totanuis f lavipes  
Cat optrophorus semipalmtus 
Dichramanassa rufeseens 
Phoenicapterus ruber 
L m p l  philadelphia 
L a m  californicus 
Earus glaucescens 
Lams argentatus 
Lams hee 
-
i 
Lams emus  
--
Population P e e ,  
Iuniber, and Month 
( 1 9 6 7 - 1 9 )  
12 Sept. 
1 Feb. 
1 Feb., April  
30 Feb. 
6 A%. 
5 June 
6 NOV. 
1 Jan., Apr., May 
1874 Aug. 
40 Apr. 
M 1 5  Jan. 
M 1 Aug., ROV. 
M 26 Mar. 
4/ 1 -- 
- 
M 45 Jan., Dec. 
R 1 Aug., Mov. 
M 207 Mar. 
M 1202 Nov. 
M 15 Mar., Apr. 
M 40 Mar. 
M 705 Dec. 
M 320 Jm. 
Populat ion Peak, 
Nmber, and Month 
(1967-68) 
Gull, ring-bi l led 
G u l l ,  western 
Kittiwake, black-legged 
Tern, black 
Tern, Caspian 
Tern, common 
Tern, elegant 
Tern, Forster ' s 
Tern, least 
Tern, royal 
M 1 Aug. 
M 37 June 
M 11 Sept. 
M 9 Oct. 
R 208 Apri l  
Wat e r f m l  
B r a n t ,  black April 
Feb . 
Dee. 
April 
Jan. 
- - 
Feb . 
Dec., Jan. 
Jan. 
Auer 
Jan. 
Jan., Feb, 
Dec . 
Dec , 
Dec . 
Jan. 
&c!. 
3uff lehead 
Canvasback 
Gadwall 
Chase, lesser Canada 
G o o s e ,  R o s s  Chen roeeii 
-
Goose, snow 
Goose, white-f ronted 
Mallard 
Merganser, red-breasted 
Oldsquaw 
P i n t a i l  
Redhead 
Ring-necked duck 
Ruddy duck 
Scaup, greater 
Cammn Name 
-
Scaup, l e s s e r  
Shoveler 
Scoter, common 
Scoter, surf 
Scoter, white-winged 
Swan, w h i s t  l i n g  
Teal,  cinnamon 
Teal, green-winged 
Widgeon, American 
Miscellaneous Marsh 
Coot, American 
Grebe, eared 
Grebe, horned 
Grebe, pied-bil led 
Grebe, western 
Kingfisher , bel ted 
Rail ,  clapper 
R a i l ,  Virginia 
Scientific - Hame 
Melmi t ta  pe r sp i c i l l a t a  
Olor colunibimus 
-
Anas cyanopt era 
-
Anas caro l in ins i  s 
-
Mareca americana 
Water-Associated Birds 
Pulica americana 
Podiceps caspicus 
Podilymbus podiceps 
Aeehmophorus occidental is  
- 
Miscellaneous Coastal and Pelagic Birds 
-
Cormorant, Brandt ' s Phalacrocorax pen ic i l l a tus  
Cormorant, double-crested Phalaerocorax a u r i t u s  
Cormorant, pelagic 
Guillemot , pigeon Cepphus columbe 
Loon, a r t i c  
Loon, common 
Loon, red-throated 
Population Peak, 
M e r ,  and Month 
(1967-68) 
M 
M 248 Feb. 
M 2 April ,  May 
M 397 Feb, 
M 187 Dec., Mar. 
M 16 Jan. 
M 300 Aug. 
M 119 Mar. 
M 25 April  
R 1004 Oct. 
M 38 Feb. 
M 50 Apri l  
R 14  Nov. 
R g l 1 3  Jan 
- - - - 
R 4 June 
R -- - - 
M 3 Sept. 
M 4 Fcb. 
M 1 Mar. 
M 4 Aug., Feb, 
M 4 MY 
M 3 
M 4 Jan.  
Murre, cmmon 
Wrelet, ancient 
Pelican, brown 
Pelican, white 
Land-associated Birds 
-
Blackbird, Brewer ' s 
Blackbird, red-winged 
Blackbird, t r i c o l o r  
gusht i t ,  common 
Craw, common 
Dove, mruuniw 
Eagle, golden 
Finch, house 
Flicker, red-shafied 
Flycatcher, western 
Goldfinch, American 
Hawk, marsh 
Hawk, red-tailed 
Hawk, sparrow 
Jay, scrub 
Kinglet, ruby-crowned 
Kite, white- ta i led  
La,rk, horned 
i e ,  yellow-bf l l e d  
Meadowlark, western 
Owl, short -eared 
Pheasant, ring-necked 
Population Peak, 
Ifumber, end Month 
(1967-68) 
Uria 
-
M 1 Sept.,  May 
a w L i q ~ u n  M 2 Sept. 
Spinun Gristis 
Circus 
Falcs spanrerius 
Aphelocoma coe;rulescens 
calendula 
Elanus lmcurua 
eelpestris 
Pica -& t a l l  
l l e h  neeglecta 
Asio Plamms 
Pbsimus calehieus 
Population Peak, 
Phoebe, black 
Phoebe, Say1 ei 
Pigeon, band-tailed 
Pipit ,  water 
Quail, California 
Shrike, loggerhead 
Sparrow, golden-crowned 
Sparraw, house 
Spsrrcrw, savannah 
Sparraw, song 
Sparrw, maaap 
Sparrow, white-srmed 
Starling 
Swallaw, violet-green 
Tawhee, brown 
Thrasher, California 
Warbler, Audubon's 
Wren, Bewick' s 
Wren, long-billed marsh 
Zonotrichia atr ieapi l la  
Passer damesticus 
Paaserculus sandwichensis 
I ider,  and Month 
(1967-a) 

LIST OF I;?SBES c o m m  I N  
RA SWWH AND ITS KNVIRONS &/ 
Common Name 
- Scfent i f ic  Name - Slough Harbor P ier  & J e t t y  
Anchovy, northern Engraulis mordax x x 
Bass, s t r iped Marone saxat i l i s  x x 
Sebastes pktuci spinis  
Cabezon Scorpaenfchthys m m r a t u s  x x 
Croaker, white 
Flounder, s t a r ry  Platichthys s t e l l a t u s  
Fringehead, onespot Neoclinus un ino ta tu~  x 
Fringehead, sarcas t ic  Meoclinus blanchardi 
Goby, arrow Clevelandia i o s  
-
X 
Lepidogobius lepidus 
Greenling, kelp H e x a ~ o s  p. 
Cuitarfish, shovelnose Rhinobatos productus 
Rake, Pacif ic  Merluccius productus 
Halibut, California Paralichthys californicus x 
Herring, Pacif ic  Clupea harengus pa l l a s i  x 
Jacksmelt Atherinopsis cal i forniensis  x 
Lingcod Ophiodon elongatus 
L i  zaraf i sh, California Synodus lucioceps 
Mackerel, Jack Trachurus syaunetri cus 
Midshipman, p la inf in  Posichthys notatus 
Mudsucker, longjaw G i l l i  chthys mirabili  s x x 
40%) 
Perch, black ~ i o t o c a ,  jacksoni 
I! Nomenclature from American Fisheries Society Special Publication #6, 
u Common and Scient i f ic  Names of Fishes from the United States  and Canada. 
- -- -- -
2/ Species observed under the  p ier  on scuba portion of study. 
- 
I*9 
Juveniles 
Common Nme 
-
Perch, dwarf 
Perch, p i l e  
Perch, reef 
Perch, shiner 
Pipefish, bay 
Pipefish,  kelp 
Pompano, Pac i f ic  
Queenf i sh 
Ray, ba t  
Rockfish 
Rockfish, blue 
Rockfish, b r m  
Rockfish , kelp 
Rockfiah, gmss 
Sanddab, Pac i f ic  
Sanddab, speckled 
Sardine, Pac i f ic  
Sculpin, Pacif ic  ataghorn 
Seaperch, rainbow 
Seaperch, rubberlip 
Seaperch, sharpnose 
Seaperch, s t r iped  
Seaperch, white 
Shad 
Shad, American 
Shad, threadfin 
Shark, brown smoothhound 
Shark, gray smoothhound 
Shark, leopard 
Scien t i f ic  Name 
-
Rbcochilus vacca 
M i c r m t m s  aurora 
griaeolineatus 
calf  f ornlenaf s 
Peprilus simillims 
Serf phus go l i t u s  
Myliobatis ca l i forn ica  
Sebastes sp. 
Sebastes mystinus 
Sebastes aur iculatus  
Sebastes a t rovirens  
Citharichthys sordidus 
Citharfchthya s t i m e u s  
Sardinops sagax 
Leptocottus armatue 
Hypeurus caryi 
Rhacochilus t oxot es 
Rhanerodon a t r i p e s  
Ebibiotoca l a t e r a l i  s 
Phanerodon furcatus  
Kloa~a sp. 
Dorosam~l petenense 
Mustelus cal i fornicus  
Harbor P ie r  & Je t ty  
a*pi 
X 
X x Uh 
Common Name 
-
Skate 
Skate, Cal i fornia  
Smelt, surf  
Snake ee l ,  Pac i f ic  
Snake ee l ,  spotted 
Smelt, whitebait  
Sole, c u r l f i n  
Sole, English 
Sole, sand 
Stickleback, threespine 
St ingray, round 
Surfperch, barred 
Surfperch, ca l ico  
Surfperch, red- ta i led 
Surfperch, s i l v e r  
Surf perch, spotf i n  
Surfperch, walleye 
Thornback 
Tomcod, Pac i f ic  
Tonguefish, Cal i fornia  
Top smelt 
Turbot, diamond 
Wolf -eel  
Sc i en t i f i c  Namet 
Raja s p .  
RaJa fnoratsl 
p r e t i o e ~ u ~  
Ophlchthua t r i s e , r a l i s  
Ophichthus ophia 
Allosmems e l o ~ g e ~ t u s  
Pleuronichthys decurrens 
Parophrys vetulur! 
Psett ichthys mePemostictus 
- 
Gasterosteus , acul.eatus 
Urolophus hallerj ;  
Amphi sti chua arge!nteus 
Amphistichus koel-zi 
Amphistichus rhoclotems 
Hyperprosopon &l.ipticum 
mu. 
Hyperprosopon argen teum 
- 
Platvrhinoides t r i s e r i a t a  
Microgadus proxirms: 
Symphurus at r ica tda  
-
Atherinopsis affi-nis 
--- 
Anarrhichthys occ?llatus 
Slough Harbor P ie r  & Je t t y  

APPENDIX E 
L/ SHELLFISH OF EWMORN SLOUGH 
Crustaceans 
C o m n  Name 
-
Sc ien t i f i c  Name 
-
Crabs and shrimp: 
31 
Rock crab Cancer antennarius 
Yellow crab Cancer anthonyi 
Cancer crab Cancer gibbosulus 
Slender crab Cancer g r a c i l i  s 
Cancer crab Cancer jordani 
Dungeness o r  market crab Cancer magi s t  e r  
Red crab Cancer productus 
- 
Pw-ple shore crab Hemigrapsus nudus 
Shore crab o r  Oregon mud crab Hemigrapsu.~ oregonensis 
Mottled pea crab Opisthopus transversus 
Porcelain crab Pachycheles rudis  
Lined shore crab Pachygrapsus crass ipes  
H e r m i t  crab Pagurus hirsut iusculus  
Hermit crab 
F la t  or Porcelain crab Pe t ro l i s thes  c inct ipes  
Commensal pea crab Pinnixa f aba 
-
Commensal pea crab Pinnixa franciscana 
Commensal pea crab Pinnixa longipes 
Commensal pea crab Pinnixa schmitt i  
-- 
Commensal pea crab 
Commensal pea crab 
P i  nnixa t omment o sa 
Pinnixa tubicola  
a 
- 1/ Compiled from Addicott, 1952; Eissinger, 1970; hfacginitie, 1935; Smith 
and Gordon, Jr., 1948. Some common nmes from Ricketts  and Calvin, 1952; 
a Fitch,  1953; Hedgpeth, 1967; and MacGinitie and MacGinitie, 1968. 
Common Name 
-
Kelp crab 
Commensal pea crab 
Ghost shrimp 
Long-handed ghost shrimp 
Bay skimp 
Gross shrimp 
Broken back shrimp 
Broken back shrimp 
Blue mud shrimp 
Amphipods: 
Water f l e a  
Skeleton shrimp 
Skeleton shrimp 
Skeleton shrimp 
Water f l e a  
Water f l e a  
Sand hopper 
Barnacles: 
Acorn barnacle 
Acorn barnacle 
Gooseneck barnacle 
Pa r a s i t i c  barnacle 
Copepods : 
P a r a s i t i c  copepod 
Pa ra s i t i c  copepod 
P ~ r ~ s i t i c  copepod 
P a r a s i t i c  copepod 
Common Name 
-
I 
- Boring isopod (~ribble) 
I Pill bug 
I * Isopod 
Commensal isopod 
1 YO 
Mollusks 
m Snails and Nudibranchs: 
Nudibranc h 
a 
Sea slug 
as Nudibranch 
Nudibranch 
* Nudibranch 
Nudibranch 
sSB 
Bubble shell 
i~ Nudibranch 
Sea slug 
.*ST Sea slug 
Oysters, clams and mussels: 
Giant Pacific oyster 
Eastern oyster 
Rockboring mussel 
Bay mussel 
Fat horsemussel 
Horsemussel 
Straight horsemus sel 
California soft-shelled clam 
Nestler clam 
Inconspicuous macoma 
Livoneca vulgaris 
Pent idotea resecata 
Phyllodurus abdominalis 
Aeolida papillosa 
Cory-phella sp. 
Dendronotus sp , 
Gglvina sp. 
Haminoea vesicula 
Hermissenda crassicornis 
Navanax inermis 
Philine sp. 
Crassostrea gigas 
Crassostrea virginica 
Lithophaga plumula 
Mytilus edulis 
Volsella capax 
Volsella diegensis 
Volsella 
-- 
recta 
Cry-ptomya, calif orni ca 
Kellia laperousii 
Macoma inconspicua 
C omrrion Name 
-
Sand clam 
I r u s  macoma 
Bent -nosed clam 
White sand clam 
California mactra 
Mactra 
Geoduck 
Wart-necked piddock 
Boring clam 
Petr icola  clam 
Common l i t t l e n e c k  
Thin shelled l i t t l e n e c k  
California reversed c lan  
Comensal clam 
Purple clam 
W c a v a  clam 
Comon Washington clam 
Razor clam 
Northern razor clam 
Sickle razor clam 
Dish clam 
California jackknife clam 
Bodega t e l len  
Tellen 
P i  smo clam 
Gaper clam 
Boring clam 
Rough piddock 
Sc ien t i f i c  Name 
-
lvIacama inauinta 
Macoma nasuta 
lalacoma secta  
Mctra c a l i f  orni  ca 
Mactra dolabifornis 
Panope generosa 
Pholadidea ovoidea 
Pholadidea penita 
Pe t r ico la  cardi toides  
Prot othaca staminea 
Pratothaca t enerrima 
Pseudochaaa exogyra 
Pseudophthina rugifera  
Saxicava a rc t i ca  
Sacidomus n u t t a l l i i  
Si l iqua lucida 
Si l iqua patula 
Solen si car ius  
-- 
Spi sda  planulata 
Tagelus californianus 
T e l l i m  bodegensis 
-- 
Te l l i  na buttoni 
Tivela stult o m  
Tsesus n u t t a l l i i  
Zirfaea gabbi 
Zirfaea pi1 sbryi 
.- 
Comrnon Name 
-
;*lo Miscellaneous mollusks: 
Angular unicorn sna i l  
F i l e  limpet 
But terf ly  limpet 
Ribbed limpet 
Shipworm 
Basket cockle 
Slipper s h e l l  
Keyhole limpet 
Rock scallop 
Cooper's chiton 
Waddling s n a i l  
Chink s h e l l  
Chit on 
Checkered l i t t o r i n a  ( perwinkle) 
Hafry-girdled c h i t  on 
Mossy chiton 
Mossy chiton 
Channeled basket s h e l l  
Purple o l ive  
Checked borer 
Abalone j ingle  
Moon she l l  
Moon s h e l l  
Black turban 
S c i e n t i f i c  - Name 
AcanthEna spf mta 
Acmaea 1fmat;ula 
Acmaea 
Acmaea seabra 
&&a setacea 
Clinocardim n u t t a l l i i  
Creg idda  nivea 
Diodora aspera 
Hinnites nmltiru$osus 
Ischonchiton cooperi 
- -- 
Lacuna porrecta 
Lacuna wnifasciata 
Lepidochitona ~tymondi 
Mopalia c i l i a ta .  
Mopalia muscosa h inds i i  
Mopalia mscosa 
Nassarius fossatus  
Ol ivel la  b ip l i ca t a  
Platyodon cancellatus 
Podode smus cepio 
Pol inices  draconis 
Pol inices  lewisii 
-- 
Te@a -- f unebralis  
-
Teredo diegensi s 
--
